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Eighth edition. 

Substance of the Marquess of Lansdowne’s Speech in the House of Lords, 
July 5, 1839, on the Government plan for promoting National Edu- 
cation. Seventh edition. 

Substance of Lord John Russell’s Speech in the House of Commons, 
June 20, 1839, on the Government plan for promoting National Edu- 
cation. Seventh edition. 

Memoir on the Mid-Lothian and East-Lothian Coal Fields, by David 
Milne, Esq., F.R.S.E., &c. 4to. Edinburgh, 1839. 

Sept. 23. An Inquiry into the Theory of Actual Causes, or Outlines of the 
Modern Changes of the Earth’s Surface, being an Examination of 
Lyell’s Principles of Geology, by a Fellow of the Geological Society. 
8vo. Florence-Moleni, 1839. 

Sept. 30. Madras Journal of Literature and Science, no. 22, January— 
March 1839. 8vo. Madras. 

Oct. 1. On the Tubular Cavities filled with Gravel and Sand, called “ Sand 
Pipes,” in the Chalk near Norwich, by Charles Lyell, Esq., F.R.S., &c., 
from the London and Edinburgh Philosophical Magazine, October 
1839. 

Oct. 3. Gruithuisen’s Kritik der neuesten Theorieen der Erde und Sieg der 
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The Scientifie Society 
of London. 


Major General Frederick. 


The Authors. 
The British Association. 
The Royal Society. 
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Charles Darwin, Esq., 
Sec. G.S. 

The Commissioners of 
Her Majesty’s Woods. 


The Author. 


The Author. 


Mr. Ridgway. 
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The Author. 


The Author. 


Madras Literary Society. 


The Author. 


Lust of Donations. 


1839. BOOKS. 
Natur uber dieselben fiir Geologen und iiberhaupt fiir Naturhistoriker, 
Physiker und Astronomen. (five copies.) 8vo, Landshut, 1838. 

Oct. 7. Journal of the Royal Asiatic Society of Great Britain and Ireland, 
no. 10, September 1839. 8vo. London, 1839. 

Oct..8. Monographia Chalciditum, by Francis Walker, vol. 2. Species col- 
lected by C. Darwin, Esq., during the Voyage of H.M. Ship Beagle. 
8vo. London, 1839. 

Abhandlungen der Koniglichen Akademie der Wissenschaften zu Berlin. 
Aus dem Jahre 1837. 4to. 1839. 
Proceedings of the Berlin Academy, from July 1838 to June 1839. 8vo. 

Oct. 14. A Report on the Geological Survey of Connecticut, by Charles 
Upham Shepard, M.D. 8vo. New Haven, 1837. 

Oct. 24. Twenty-sixth Annual Report of the Council of the Royal Geological 
Society of Cornwall. 1839. 

Oct. 29. The American Journal of Science and Arts, conducted by Ben- 
jamin Silliman, M.D., LL.D., vol. 37, no. 1, July 1839. 8vo. New 


Haven. 
Prospectus of the Scientific Society of London. 8ve. London, 1839. 


Nov. 1. The Zoology of the Voyage of H.M. Ship Beagle, under the com- 
mand of Captain Fitzroy, R.N., during the years 1832 to 1836, edited 
and superintended by Charles Darwin, Esq., Sec. G.S. Birds, by John 
Gould, Esq., F.L.S., no. 4 of part 3. 4to. London, 1839. 

Nov. 2. Handbuch der Eisenhiittenkunde, von Dr. C. J. B. Karsten, 2 vols. 
8vo. Halle, 1816. 

Handbuch der Mineralogie, von Dr. Joseph Bonavista Blank. 8vo. 
Wurzburg, 1810. 

Metallurgic Chymistry, being a System of Mineralogy in general, and of 
all the Arts arising from this Science ; in 2 parts, translated from the 
original German of C. E. Gellert, by J. Seiferth. 8vo. London, 1776. 

Dictionnaire Universel des fossiles propres et des fossiles accidentels, par 
M. E. Bertrand, tome premier. 8vo. Hague, 1763. 

Gabinetto Mineralogico del Collegio Nazareno, descritto secondo i caratteri 
esterni e distribuito a norma de Principj costitutio, 2 vols. 8vo. Roma, 
1791. 

Minéralogie des Anciens, par Louis de Launay, 2 vols. 8vo. Bruxelles, 
1803. 

Museum Geversianum, sive Index Rerum Naturalium, continens instruc- 
tissimam copiam pretiosissimorum omnis Generis ex Tribus Regnis 
Nature objectorum, quam dum in vivis erat magna diligentia multaque 
cura comparavit vir amplissimus AbrahamusGevers. 8vo. Hague, 1787. 

Versuch eines Abe-Buchs der Krystallkunde, von Karl von Raumer, 
Erster Theil. 8vo. Berlin, 1820. 

Versuch einer Mineralogie fiir Anfanger und Liebhaber nach des Herrn 
Bergcommissions-raths Werner's Methode, vom Abbé Estner. 8vo. 
5 vols. Wien, 1794. 
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Royal Asiatic Society. 
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List of Donations. 


1839. BOOKS. DONORS. 
Nov. 2. Grundriss der Mineralogie entworfen, von Joh. F. Gmelin. 12mo. George Bellas Green- 
Gottingen, 1790. ough, Esq., V.P.G.S. 
Remarks on some late papers relating to the Universal Deluge, and to 
the Natural History of the Earth. 12mo. London, 1697. = wu ee were eee eee e rene 
Manuale Geologico di Giuseppe Melograni. 8vo. Napoli, 1809, we ee eee eee eee eens 


Classes Fossilium: sive Characteres Naturales et Chymici classium et 

ordinum insystemate Mineralicum nominibus genericis adscriptis. 4to. 

we ee OR Sos 
Die Kunst auf Steinkohlen zu bauen, von Herrn Morand, Erster Theil, 

Leipzig und Konigsberg, 1771. TR CUBR Bo colic Oke sone 
De Metallicis, libri tres, Andrea Caesalpino Aretino. Noriberge, 1602. ...... 2. eee eeeeeese 
Das Steinreich systematisch entworfen, von J. E. I. Walch. 8vo. Halle, 

1769. sete Biase. ae PA. 

Nov. 5. Istoria dell’ Incendio del Vesuvio accaduto nel mese di Maggio 

dell’ anno 1737, scritta per I’ Accademia delle Scienze. 4to. Napoli, 

1738. i 
Ragionamento Istorico Intorno a Nuovi Vulcani comparsi nella fine dell’ 

anno scorso 1760, nel Territorio della Torre del Greco, Gaetano de 

PPO LON. ee Re 9 ee Rereiiete tater Renate ° 
Racconto Storico—Filosofico del Vesuvio, dell’ Abate Giuseppe Maria 

MaecatuacivOls.cuton Napoli, 17525") <8 9) he le a a ote ge ny, eres 
Della Eruzione del Vesuvio accaduta nel Mese di Agosto dell’ anno 1779. 

Ragionamento Istorico-Fisico del Dottor in Medicina, Michele Attu- 


TGRE MEMO VE NEDO, 1779.8 a OL eI RW 22 a HASNT stored ee 
Saggio di Litologia Vesuviana, dedicato A. S. M. la Regina delle Due 

Sicilie dal Cav®, Giuseppe Gioeni. ‘Svo. Napoli, 1791... 6 Oo) ML. bee. bor Oe ee 
Breve Relazione dell’ ultima eruttazione del Vesuvio, dell’ Abate Domeni- 

cia NDC mos Ae | fied by Cyto) a lawl degen: co Seabee 2 Os at Raia eae 
Sul Progetto di doversi analizzare le Acque Minerali d’ Ischia, di C. Lippi. 

TARIOmNApONGLOAOgmen 8 TE Ae) ci c6N 9G st) bey? a At ie, Beyer oe ee : 
Divisamento Critico sulle correnti opinioni intorno a Fenomeni del Vesuvio 

e degli altri Vulcani, del P. Gaetano D’Amato. 12mo. Napoli, 1756. .... 1. ee cece ce ee ee ee 


Vollstindiges Handbuch der Oryktognosie, von Henrich Steffens, 2 vols. 

emomiallesiSlivandwisiisay a get © iliiese ylcbiy) ae pii sh eae gasket 
Mineralogische Beschreibung der Oranien Nassauischen Lande, nebst 

einer Geschichte des Siegenschen Huitten und Hammerwesens, von 

Johann Pinlipp Beeher. Warburg, 1789. = j= © sscelecews alavnfers:istelieie 
De ortu et causes subterraneorum, lib. V. De natura eori, que effluunt 

ex terra, lib. IV. De natura fossilium, lib. X. De veteribus et novis 

metallis, lib. Il. &e. Georgius Agricola. 12mo. Witteberge, 1612, ...... 0.22 eee 
Essai de Cristallographie, ou Déscription des Figures Géométriques, par 

ide tvoute Delisle. Gvorsearia 7am Fil eC Lad ie A 
Catalogue Systématique et Raisonné des Curiosités de la Nature et de 

Y Art, qui composent le Cabinet de M. Davila, 3 vols. 8vo. Paris, 

ori) = Wee aaiewee Beare or lea 4G hh Laan woveretaere nia aot 
Index Supellectilis Lapidee, quam collegit in classes et ordines digessit 


Last of Donations. °. 7 


1839. BOOKS. DONORS. 
specificis nominibus ac synonymis illustravit, Johannes Fredericus George Bellas Green- 
Gronovius, editio altera. 8vo. Lugduni Batavorum, 1750. ough, Esq., V.P.G.S. 


Nov. 5. On the Relation between the Holy Scriptures and some parts of 
Geological Science, by the Rev. J. P. Smith, D.D., F.G.S. 8vo. Lon- 
don, 1839. (2 copies.) The Author. 
Nov. 6. A Report upon the Military and Hydrographical Chart of the ex- 
tremity of Cape Cod, including the Townships of Provincetown and 
Truro, with their Sea Coast and Ship Harbour, projected from Surveys 
executed during 1833-1835, under the direction of Major J. D. J. W. Lubbock, Esq., 
Graham, United Service Topographical Engineer. fol. F.R.S. 
Comparison of Weights and Measures, of Length and Capacity, reported 
to the Senate of the United States by the Treasury Department, in 
1337, made py. ib. R.' Hassler. Syo. Washington, 1832.) he! yriocniiil iuee Men aol... 
The Principal Documents relating to the Survey of the Coast of the 
United States, by F. R. Hassler, 2nd and 3rd vols. 8vo. New York. .. «0. ee eee ee ee 
On the discovery of Fossil Teeth of a Leopard, Bear and other Animals, 
in a Crag Pit at Newbourn, in Saffolk, by Charles Lyell, Esq., 


P V.P.G.S., &e. The Author. 
Mémoires de la Société de Physique et d’Histoire Naturelle de Genéve, La Société de Physique 
tome 8, 11™ partie. 4to. Genéve. et d Histoire Natu- 


relle de Genéve. 
On the last changes in the relative levels of the Land and Sea in the 


British Islands, by James Smith, Esq., of Jordan Hill, F.G.S. The Author. 
Nov. 8. Catalogue of the Fellows of the Royal College of Physicians. Royal College of Phy- 
1839. sicians. 
Outlines of Comparative Anatomy, by R. E. Grant, M.D., part 5. 8vo. 
London. The Author. 


Nov. 11. Zenith distances observed with the Mural Circle at the Royal 

Observatory, Cape of Good Hope, and the calculation of the Geocentric The Lords Commission- 

South Polar distances. 4to. 1836 and 1837. ers of the Admiralty. 
Transits as observed, and calculation of the apparent Right Ascensions. 

BiG USES OE le ee | RD see tLe Sek eae he bh ee 
Bessel’s Refraction Tables. The form employed at the Royal Obser- 

Vatony, Cape or Goodieloph. Mtnees! sitet) rely vt eat Po OMG AE. ae 
Taylor's Calendar of the Meetings of the Scientific bodies of London for Richard Taylor, Esq., 

1839-40. F.G.S. 
Erklarung aller Kunstworter und Redensarten bey Bergwerken und 

Hitten-Arbeiten nach alphabetischer Ordnung in zwey Theilen Neue 

Auflage. 12mo. Helmstedt, 1802. J. Willimott, Esq., F.G.S. 
Ueber die Blitzrohren oder Fulguriten und besonders tiber das Vorkommen 

derselben am Regensteine bei Blankenburg, von Gottlieb Ribbentrop. 

BUCeREPRGeNWOle Losier Foe ek TARBALL aA ene. 
Geognostische Bemerkungen auf einer Reise durch Sachsen und Bohmen. 

Ein Schreiben an Herrn Geheimerath von Leonhard von Dr. A. Klip- 

Siew O VOM MANS Pade wlOs0sen 1h | enh odie el eeore 258 MiniveeN OS bashise Fie Thr. 
Versuch einer Oryctographie der gefiirsteten Grafschaft Tirol, von 

Wilhelm Edlen von Senger. 8vo. Innsbruck, 1821. Ke 


List of Donations. 


1839. BOOKS. 

Nov. 11. Series of Tracts on 

1. Schwimmstein, or Float Stone, by Uttinger. 

2. Ueber den Dolomit in Tirol, by L. von Buch 

3. Ueber Canzocolli unweit Predazzoi in Siidtirol, by Humboldt. 

4. Verzeichniss der seit dem Jahr 1814, erschienenen Druckschriften 

uber Tirol und Vorarlberg. 

5. Analyses of Dolomite. 

Ueber die Flotzgebirge im stidlichen Polen, besonders in Hinsicht auf 
Steinsalz und Soole, von Wilhelm Gottlob Ernst Becker. 12mo. Frey- 
berg, 1830. 

Geognostische Untersuchung des Siid-Ural-Gebirges ausgefuhrt in den 
Jahren 1828 and 1829, von E. Hofmann und G. von Helmersen. 8vo. 
Berlin, Posen und Bromberg, 1831. 

Beitrage zur Geschichte, Statistik, Naturkunde und Kunst von Tirol und 
Vorarlberg, von Merst, von Pfaundler und Noggel. 8vo. Innsbruck, 
1827. 

Uber die Ubergangs-Gebirgsformation im Kénigreich Pohlen, nebst einer 
vorangehenden Ubersicht der simmtlichen Gebirgsformationen von 
Pohlen, und einer nachfolgenden Aufstellung der in Pohlen vorkomm- 
enden Mineralien, von Gottlob Bloede. 8vo. Breslau, 1830. 

Bemerkungen auf einer Reise im Jahre 1827 durch die Beskiden uber 
Krakau und Wieliczka nach den Central-Karpathein, von Albrecht 
von Sydow. 8vo. Berlin, 1830. 

Nov. 19. Proceedings of the American Philosophical Society, vol. 1, no. 
7. 8vo. 

Nov. 20. Sketch of the Geology of North America, being the substance of 
a Memoir read before the Ashmolean Society, November 26, 1838, by 
Charles Daubeny, M.D. 8vo. Oxford, 1839. 

Nov. 22. Proceedings of the Scientific Society of London, vol. 2, Session 
1839-40, Sept. 5, 1839. 8vo. 

Nov. 26. Catalogue of the Scientific Books in the Library of the Royal 
Society. 8vo. London, 1839. 

Nov. 27. Supplement to vol. 5. of the Transactions of the Agricultural and 
Horticultural Society of India, by William Griffith, Esq. Calcutta, 
1838. 

Geologische Beschreibung von Mittel-Biindten, von A. Escher und B. 
Studer. 4to. 

Dec. 2. First Report on the Geology of the State of Maine, August 1837, 
by Charles T. Jackson, M.D. 8vo. 

Second Annual Report on the Geology of the Public Lands belonging 
to the two States of Maine and Massachusetts, 1838, by Charles T. 
Jackson, M.D. 8vo. 

Third Annnal Report on the Geology of the State of Maine, August 
1839, by Charles T. Jackson, M.D. 8vo. 

Atlas of Plates accompanying the First Report. 4to. 

Dec. 4. Tableaux Analytiques des Minéraux et des Roches, par A. H. Du- 
mont. 4to. Bruxelles, 1839. 
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Last of Donations. 


BOOKS. 
Report addressed to the Proprietors on 


1839. 

Dec. 6. Basin of the Lower Loire. 

the Resources of the Concession of Languin, by Thomas John Taylor, 
Esq. 8vo. London, 1839. 

Dec. 9. Address of G. F. Fordham, Esq., Vice-President of the Scientific 
Society of London, November 21, 1839. 8vo. 

Dec. 11. Notice of a species of Rotalia attached to Specimens of Vermetus 
Bognoriensis, by Nathaniel Wetherell, Esq., F.G.S. 8vo. 

Transactions of the Royal Medico-Botanical Society of London, vol. 1, 

part 4. 8vo. 1839. 

Dec. 12. Treatise on Mineralogy: Second part, consisting of Descriptions 
of the Species, and Tables illustrative of their Natural and Chemical 
Affinities, by Charles Upham Shepard, A.B., 2 vols. in 1. 8vo. New 
Haven, 1835. 

The American Journal of Science and Arts, conducted by Benjamin Sil- 
liman, M.D., LL.D., vol. 28, no. 2, July 1835; vol. 29, no. 1, October 
1835; vol. 37, no. 2, October 1839. 8vo. New Haven. 

Dec. 20. A Paper on the Nomenclature of the parts of the head of Insects, 
by Edward Newman, F.L.S. 8vo. London, 1834. 

Dec. 23. Asiatic Researches, or Transactions of the Society instituted in 
Bengal, for inquiring into the History, the Antiquities, the Arts and 
Sciences and Literature of Asia, vol. 20, part 2. 4to. Calcutta, 1839. 

Dec. 30. Rules and Regulations for the Government of the Athenaeum Club, 
with the list of Members, 1838-39. 12mo. 

Proceedings of the Numismatic Society of London, 1837-38; and the 
President’s Address, delivered on the 19th of July, 1838. 8vo. 

Déscription des Echinodermes Fossiles de la Suisse, par Louis Agassiz ; 
premiére partie, Spatangoides et Clypéastroides. 4to. Neuchatel, 
1839. 

1840. 

Jan.1. The Sixth Annual Report of the Royal Cornwall Polytechnic 
Society. 1838. 

The Zoology of the Voyage of H.M. Ship Beagle, under the command 
of Captain Fitzroy, R.N., during the years 1832 to 1836, edited and 
superintended by Charles Darwin, Esq., Sec. G.S., &c. Fishes, by the 
Rey. Leonard Jenyns, M.A., no. 1 of part 4. 4to. London, 1839. 

Jan. 2. An Etymological and Explanatory Dictionary of the terms and 
language of Geology, by George Roberts. 12mo. London, 1839. 

Jan. 3. The Madras Journal of Literature and Science, published under 
the auspices of the Madras Literary Society and Auxiliary Royal 
Asiatic Society, no. 23, April—July 1839. 8vo. Madras. 

Jan. 4. An Annual Catalogue of Books for 1840, on Sale by Mr. A. Nattali, 
19 Southampton Street, Covent Garden. 8vo. 

The Journal of the Royal Geographical Society of London, vol. 9, part 3. 
1839. 8vo. 

Jan. 6. Proceedings of the Scientific Society of London, December 12, 
1839. 8vo. 
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1840. BOOKS. 

Jan. 6. The first part of a History of the Fossil Fruits and Seeds of the 
London Clay, by James Scott Bowerbank, F.G.S., &c. 8vo. London, 
1840. 

Jan. 9. The Cotton Trade of India, its past and present condition, by Major- 
General Briggs, F.R.S., G.S., &c. Read before the Royal Asiatic 
Society, 16th November, 1839. 

Jan. 13. Transactions of the ere. Philosophical Society, vol. 7, part 1. 
4to. Cambridge. 

Jan. 21. Continuation of the Proceedings of the Scientific Society of Lon- 
don (pages 33 to 40), vol. 2. 8vo. 

Jan. 22. Trattato sopra la Costituzione Geognostico-Fisica dei Terreni 
Alluviali o Postdiluviani delle Provincie Venete, di Tommaso Antonio 
Catullo. 8vo. Padova, 1838. 

Jan. 23 and March 12. Annales des Mines, ou Recueil de Mémoires sur 
lExploitation des Mines, et sur les Sciences et les Arts qui s’y rapport- 
ent, troisiéme série, tome 16. 8vo. Paris, 1839. 

Jan. 24. Proceedings of the Royal Irish Academy, no. 20. 1839. 8vo. 


Proceedings of the Berwickshire Naturalists’ Club, 18th September, 1839. 
8vo. 

Jan. 29. Premiére Mémoire sur les Kaolins ou Argiles 4 Porcelaine, sur la 
Nature, le Gisement, l’Origine et "Emploi de cette sorte d’Argile, par 
M. Alexandre Brongniart: extrait des Archives du Muséum d'Histoire 
Naturelle. 4to. Paris, 1839. 

Feb. 5. A History of British Ferns, by Edward Newman, F.L.S. 8vo. 1840. 

Feb. 8. List of Fellows of the Royal Society of London. 1839. 

Memorie di Matematica e di Fisica della Societa Italiana delle Scienze 
Residente in Modena, tomo 22, parte contenente le Memorie di Mate- 
matica. 4to. Modena, 1839. 

Feb. 11. Tenth Report of the Scarborough Philosophical Society, to August 
31, 1839. Scarborough, 1839. 

Commentatio de usu Experientiarum Metallurgicarum ad Disquisitiones 
Geologicas adjuvandas, autore Jo. Fred. Lud. Hausmann, Gottinge, 
4to. 1838. 

Feb. 12. Gottinger gelehrte Anzeigen unter der Aufsicht der Koniglichen 
Gesellschaft der Wissenschaften 5-8 Stiick, 7-12, Januar 1839. 

Feb. 14. Philosophical Transactions of the Royal Society of London for 
1839, part 2. 4to. 

Proceedings of the American Philosophical Society, vol. 1,.no.8. Septem- 
ver and October 1839. 8vo. 

Transactions of the American eee Society, new series, vol. 6, 
part 3. 4to. 

Feb. 19. Bulletin de la Société Géologique de France, tome 3, feuilles 1-5, 
tome 7, feuilles 17-19, and tome 10, feuilles 24-29. S8vo. Paris. 

No. 106 of the Mineral Conchology of Great Britain, by James de Carle 
Sowerby, F.L.S. 8vo. London, 1840. 
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The Author. 
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of Great Britain and 
Ireland. 

Cambridge Philosophical 
Society. 

The Scientific Society 
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The Author. 

The Royal Society. 
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losophical Society. 


The Author. 
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The Royal Society. 
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List of Donations. 


1840. BOOKS. 

Feb, 21. Supplement to the Introduction to the Atomic Theory, compre- 
hending a Sketch of certain opinions and discoveries, bearing upon the 
General Principles of Chemical Philosophy, by Charles Daubeny, M.D. 
8vo. Oxford, 1840. 

March 3. An Account of the Mighty Land Slip at Dowlands and Bindon, 
near Lyme Regis, December 25, 1839, by George Roberts, M.R.S.L. 
12mo. London, 1839. 

March 4. The American Journal of Science and Arts, conducted by Ben- 
jamin Silliman, M.D., LL.D., vol. 38, no. 1. January 1840. 8vo. New 
Haven. 

List of Officers and Charter of the Royal Botanic Society of London. 
1840. ; 

March 7. Proceedings of the Scientific Society of London, February 13, 
1840. 8vo. 

Bulletin de la Société Géologique de France, tome 2, feuilles 1-6. 8vo. 
Paris, 1840. 

Collection de Mémoires et de Rélations sur !Histoire Ancienne du 
Canada, d’aprés des Manuscrits récemment obtenus des Archives et 
Bureaux publics en France. Publiée sous la direction de la Société 
Littéraire et Historique de Quebec. 8vo. Quebec, 1840. 

A Systematic Arrangement of Minerals, founded on the joint consideration 
of their Chemical, Physical, and External Characters, by William 
Babington. 4to. London, 1795. 

Geschichte der vorziiglichsten Mineralien des Firstenthumes Bayreuth, 
von Johann Georg Schneider ; Erster Theil, mit einer Kupfertafel. 8vo. 
Hof, 1798. 

March 9. Eight copies of Reports of the Anniversary Meetings in 1838 and 
1839, of the Royal Society of Northern Antiquaries. 8vo. Copenhagen. 

March 12. The Journal of the English Agricultural Society, vol. 1, parts 
1, 2 and 3. 8vo. London. 

Recherches sur les Ossemens Humatiles des Cavernes de Lunel-Viel, par 
Marcel de Serres. 4to. Montpellier, 1839. 

Uber jetzt wirklich noch zahlreich lebende Thier-arten der Kreideforma- 
tion der Erde, von Herr Ehrenberg. 

Ueber die, Dysodil genannte, Mineralspecies, als ein Product aus In- 
fusorienschalen, von C. G. Ehrenberg. 12mo. 

Rapport sur les Travaux de la Carte Géologique pendant I Année 1839, 
par A, H. Dumont. 

Notice sur Martin Van Marum, né a Groningue en 1750, mort 42 Harlem 
en 1838, par A. Quetelet. 12mo. Bruxelles, 1840. 

Bulletin de l Académie Royale des Sciences et Belles-Lettres de Bruxelles, 
tome 6, partie 17 et 2™°. 8vo. Bruxelles. 

Annuaire de l Académie Royale des Sciences et Belles-Lettres de Brux- 
elles, Sixiéme Année. 18mo. Bruxelles, 1840. 

Nouveaux Mémoires de l’Académie Royale des Sciences et Belles-Lettres 
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PREFACE. 


IN the spring of 1836 we proceeded from the south coast of the sea of Marmora 
to Brusa*, and thence up the previously unexplored course of the river Rhyn- 
dacus+ to its sources, whence we crossed to the Plain of Hushak, and descended 
the valley of the Hermus to Smyrna. In the following year, one of the authors 
(Mr. Hamilton) followed a track nearly parallel to the above, but from thirty to 
fifty miles further westward, or from Cyzicus to the river Macestus, and across the 
Demirji range to Koola (lat. 38° 31’, long. 28° 44"). These two excursions, and 
a third previously made (by Mr. Strickland) into the valleys of the Meander and 
Cayster, together with journeys in the valley of the Mzeander, and a voyage from 
Smyrna to Rhodes (by Mr. Hamilton), have supplied the materials for the follow- 
ing sketch of the geology of a portion of Asia Minorf. 

Our principal object has been to describe correctly the phenomena which we 
" * See Map, PL. I. 

+ We have in many instances, in the following memoir, used the ancient names of districts, moun- 
tain-chains and rivers, in preference to their modern Turkish denominations; the former being more 
generally understood as well as more exact in their application than the latter. The names of towns 
and villages on the contrary are chiefly Turkish. All the places mentioned in this memoir will be found 
on the new map of Asia Minor to accompany Mr. Hamilton’s forthcoming journal. See also the Map, 
1 

{ The memoirs, from which the paper is compiled, although referring to nearly the same line of coun- 
try, were drawn up by their respective authors in a very different manner; when therefore the question 
of their publication came before the Council, it was considered desirable that the several papers should 
be embodied in one memoir, to avoid unnecessary repetition, and that the materials should be so arranged 
as to give at one glance a more enlarged view of the general structure of the country. 
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observed ; but as geological facts are dry and uninteresting without arrangement, 
we have ventured on such a classification as the rocks of Asia Minor appeared natu- 
rally toadmit. We are, nevertheless, well aware how imperfect such a first attempt 
at generalization must be inacountry which had been only partially explored, and 
concerning the geology of which, we could obtain very little satisfactory informa- 
tion from external sources. We wish, therefore, the general views here advanced 
to be considered as provisional, and open to correction ; our only source of confi- 
dence in them being derived from the general simplicity of materials and uniformity 
of arrangement which mark the rocks of Asia Minor, and which render the task 
of classification much easier than in many other districts of equal extent. It 
remains, however, a question of some doubt, how far the relative antiquity of the 
metamorphic rocks can safely be depended upon ; and whether they are not in 
some instances really secondary deposits, which have been acted upon by the vol- 
canic and igneous influences, which have operated so abundantly throughout the 
. peninsula of Asia Minor. 


Physical Structure of Western Asia Minor. 


The western part of Asia Minor is thickly beset with mountains, some of which 
form chains of considerable extent, but others are more isolated and indefinite in 
form. These mountains are often alpine in their character, and present many 
points of interest to the general observer. They rise for the greater part abruptly 
from horizontal plains, the smooth and verdant surface of which is strikingly con- 
trasted with the rugged outlines of the surrounding mountains. - It will be seen 
hereafter, that this abrupt transition from mountain to plain is the result of peculiar 
geological conditions. (See posted, p. 13.) 

On the great scale, the prevailing direction of these alpine chains is nearly east 
and west. This latitudinal strike is exhibited in no less than six parallel ranges. 

1. The chain of Olympus. This mountain-tract commences with Mount Ida 
(lat. 39°40'), whence a range of high land extends eastward to the Mysian Olympus, 
the snowy summit of which is about 7000 feet above the sea. Beyond this point, 
the same chain re-appears under the ancient name of the Bithynian Olympus, and 
ranges eastward as far as the Halys. The chain sends numerous streams from 
its northern slope into the sea of Marmora and the Euxine ; and the Macestus, 
Rhyndacus and Sangarius, conduct the drainage of its southern slopes through 
transverse gorges, the two former into the sea of Marmora after passing through 
the lake Apollonia, and the last directly into the Euxine. 

2. The chain of Temnus or Demirji (lat. 39° 5’). This range is furcated at its 
western end, inclosing the valley of the Caicus. These branches unite to the 
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N.E. of Thyatira, and form the chain of Demirji, which constitutes the watershed 
between the Hermus on the south and the Macestus and Rhyndacus on the north, 
and terminates in Morad Dagh, near Kutahiyah. 

3. The chain of Tmolus commences with Mount Tartali near Smyrna, and forms 
a narrow and lofty ridge, which, after dividing the valleys of the Hermus and Cay- 
ster, passes to the southward of Koola and terminates to the S.E. of Takmak. 

4. The range of Messogis (lat. 38°), which commences at Ephesus, and divides 
the fertile plains of the Cayster and the Meander. At its northern end it unites 
with the range of Tmolus, and thus completely separates the Caystrian Plain from 
the surrounding country. It then extends eastward to the south of the Meander, 
until it joins the southern end of the chain of Bourgas Dagh, and forms the south- 
ern boundary of the great plain of Hushak and Gobek. . 

5. The range to the south of the Meander, which, commencing with Mount 
Latmus (lat. 37° 35’), extends past the lofty height of Cadmus to the eastward, where 
it merges into the Taurus chain, and continues with a general easterly bearing to 
the Euphrates. The drainage of the northern flank of this extensive range is 
effected, in the western portion, by the Meander. Further eastward is the ancient 
district of Isauria, the drainage of which is collected into lakes and marshes 
with no apparent outlet. The waters on the south side of the Taurus range, flow 
by short courses into the Mediterranean. 

6. The islands of Crete and Cyprus, though south of the district we are here 
describing, may be regarded as the crests of a submarine chain of mountains be- 
longing to the same system of elevation, as the five parallel ranges above de- - 
scribed. 

The only important exception to the east and west direction, which prevails in 
the cases above enumerated, is found in the range which extends from Morad Dagh 
(lat. 38° 52’, long. 30° 9') towards the S.E., where it assumes the name of Sultan 
Dagh, and forms the watershed between the sources of the Meander and the great 
central plain of Asia Minor. This range connects the eastern end of the Demirji 
chain in an oblique direction to the middle of the Taurus range. 


Classification of the Rocks of Western Asia Minor. 
The rocks of this district, as far as we are acquainted with them, admit of being 


classed into the following geological groups, in ascending order : 


A.—SEDIMENTARY Rocks. 
1. Micaceous schist and marble*. 
2. Cretaceous System (Hippurite limestone, &c.). 


* The Silurian rocks of the Bosphorus, described in Mr. Strickland’s paper (vol. v. p. 385), pro- 
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3. Tertiary marine deposits. 
4. Tertiary lacustrine deposits. 
5. Modern aqueous deposits. 


B.—Ieneous Rocks. 
1. Granitic rocks. 
2. Greenstone, and older trap rocks. 
3. Trachytic and newer trap rocks. 
4. Modern volcanic rocks. 


A.—SEDIMENTARY Rocks. 


§ 1. Micaceous Schist and Marble. (See Pl. III. figs. 1 to 8, and Sketches 12 and 13 ; 
also Pl. I.) 


This series occupies a very important place in Asia Minor, constituting the 
‘greater portion of the mountain-chains which intersect the country*. It consists 
principally of micaceous schist, with which are associated beds of white or bluish 
crystalline limestone and stratified quartz-rock. The latter deposits seem to occur 
in no determinate order, but are interstratified with the micaceous schist, into 
which they often pass imperceptibly. Clay-slate is of very rare occurrence in 
this group of rocks, and we saw but few instances of slaty cleavage distinct from 
the stratification. Veins of white quartz are as frequent as in similar rocks of most 
other countries. The formation is very uniform in its characters, and the list of 
minerals which we found in it, is very scanty. On the whole, this group of semi- 
crystalline deposits bears much analogy to the gneiss and mica-schists of the Scotch 
Highlands, and may therefore, in the absence of definite evidence as to age, be re- 
ferred provisionally to the primary or transition epoch. 


The crystalline marbles of this formation are very generally dispersed over the country+. Some- 
times they are pure white, but more commonly they are striped bluish grey in the lines of stratification, 


bably intervene in age between the schistose rocks and the Hippurite limestone. As they have not 
been noticed to the south of the sea of Marmora, we have omitted them in the above list. Fossiliferous 
rocks of this early age are unknown (as far as we are aware) in the whole circuit of the Mediterranean 
basin ; and Constantinople may therefore be supposed to form the southern limit of the great geological 
basin of Northern Europe, throughout which these protozoic rocks are abundant.— H. E. S. 

* Their elevation, however, appears to have taken place at very different periods; for though by far 
the most considerable portions were elevated into the present mountain-chains at periods of remote 
activity, and by the agency of granitic action, yet Mr. Hamilton observed many places along the coast, 
where these rocks had been elevated by outbursts of trachytic rocks, and at periods probably subsequent 
to the deposition of the cretaceous formation. 

+ Although the marbles of this country are in general associated with the mica-schist, yet it is possi- 
ble, that in some cases they may be altered rocks of a more recent date. 
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or are wholly of the latter colour. Thin seams of mica often pervade the marble, which is then capable 
of being split into slabs; and they greatly assist the labours of the stone-mason. The vast abundance of 
marble in Asia Minor enabled its ancient inhabitants to carry architecture and sculpture to their highest 
perfection ; and the numerous antiquities which remain in this interesting country, prove that in these 
arts the Asiatic Greeks fully equalled their kinsmen of Europe. 

The quartz rock of this formation is more local than the crystalline marble. In its purest state it is 
white with a glassy lustre, and it is identical in appearance with the quartz rock which occurs in veins. 
Its origin however is very different, for it is distinctly interstratified with beds of micaceous schist. La- 
mine of mica are often disseminated through the quartz, and when these predominate, the rock passes 
into regular micaceous schist. 


As might be expected in formations of such antiquity, the stratification of this 
group is very irregular, both as to the amount and direction of the dip. The 
strike however is more constant, and commonly coincides with that of the moun- 
tain-range in which the observation is made. 

‘The following are the principal localities where rocks of this group are exhi- 
bited : 

(a.) The island of Proconnesus (sea of Marmora), N. of the granitic ridge of 
Cyzicus.—Large quarries of white marble exist here, and have given the modern 
name of Marmora to the island, as well as to the adjoining sea. 

(b.) Cyzicus.—Near Erdek (ancient Artaki), at the south-western extremity of 
the promontory of Cyzicus, thick beds of argillaceous schist and crystalline mar- 
ble occur, having a S. and S.W. dip. The upper portion of the promontory of 
Melanos, a mile 8.S.W. of Erdek, consists of crystalline marble dipping 8.W. and 
resting upon beds of argillaceous schist. The dip is quaquaversal, and evidently 
caused by the granite which forms the central mass of the Cyzicene peninsula. 

(c.) Ardinjik, S. of Cyzicus (Pl. IIL. Sec. 1).—The strata here present a steep 
escarpment to the N., rising to the height of 900 or 1000 feet, while the hill slopes 
much more gradually to the S. down to the lake of Maniyas. The summit of these 
hills consists of a fine-grained crystalline marble, extensively quarried a little further 
eastward, whence marble was probably obtained to supply the wants of Cyzicus, 
one of the most splendid cities of antiquity in point of architectural decoration. 
The marble is interstratified with beds of schist of various colours, red, black, 
purple, yellow, and white, the whole dipping S. and S8.E. by S. at angles of 70° 
or 80°. 

(d.) Mount Olympus of Mysia (Pl. III. Sec. 2).—We did not ascend to the sum- 
mit of this precipitous mountain. It appears however from the evidence of 
several travellers*, that a part at least of its loftier regions is composed of grey 


* Fontanier, Voyages en Orient, Paris, 1829, p. 92. Seetzen, quoted in Walpole’s Travels in the 
East, p. 113. M. Texier’s personal communications. 
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granite. All the lower portions of the mountain which we explored, consist of 
rocks of the schistose group. The ravine above the town of Brusa exhibits the 
Section No. 2. The upper beds consist of fine-grained crystalline marble, dip- 
ping N.E. about 25°. The marble passes downwards into micaceous schist, ap- 
proaching the texture of gneiss ; and it is penetrated by quartzose veins, which are 
sometimes slightly granitic. 

A long ridge of schistose rocks runs to the westward from Mount Olympus, be- 
tween the Rhyndacus and the Lake of Apollonia. The same formation also oc- 
cupies the S. side of the Rhyndacus, till we enter the lacustrine basin of Har- 
manjik. Throughout this district, the rugged hills of mica-schist and marble 
scarcely admit of cultivation, and are for the most part covered with forests of 
pine. 

(e.) The chain of Demirji (Pl. III. Sec. 1, 4, 6, and Sketch 11).—We have no 
evidence of the structure of the western part of this ridge ; but at Mumjik, on the 
Macestus, the pebbles and boulders, brought down from its higher parts, consist 
of quartz, gneiss, and a large-grained, micaceous granite. On the low part of this 
ridge, S.E. of Simaul (Sec. 6), these clder rocks are concealed by younger sand- 
stones. We had no opportunity of visiting the lofty insulated mountain of Ak 
Dagh; but its appearance so greatly resembles that of the mountains of Argzeus 
and Hassan Dagh, as to warrant the supposition, that it may be a vast trachytic 
mountain analogous to those of Mont Dor and the Cantal. (See Geol. Proceedings, 
vol. ii. p. 651.) The ridge connecting Ak Dagh to Morad Dagh is composed of 
schistose rocks, and appears to be the eastern continuation of the Demirji range. 
This ridge, which bounds the plain of Azani on the S., sends off, along the W. side 
of the same plain, a branch, in which marble predominates. It probably joins 
the mountain of micaceous schist which we crossed between Taushanli and Go- 

zuljah. (See Pl. II. Section No. 5.) 

'  (f.) Morad Dagh and Sultan Dagh.—The branch ranging westward from Morad 
Dagh, between the Hermus and the Plain of Hushak, consists of schist with occa- 
sional beds of marble. Thesame formation composes Bourgas Dagh, a ridge which 
bounds the Plain of Hushak on the east, and is connected with Morad Dagh and 
Sultan Dagh. Along the west foot of this ridge, we found an abundance of stra- 
tified quartz rock, passing into micaceous schist. 

(g-) Mount Tmolus (Pl. III. Sec. 3, 6, 12, and 13).—The portions of iis 
range, which we visited, consist of micaceous schist with occasional beds of 
marble. At Nimphi, about fifteen miles east of Smyrna, mines of gold and silver 
are recorded to have been worked in the Middle Ages; and we can hardly suppose 
that the traditions respecting the golden sands of the Pactolus had not some found- 
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ation in fact, although they have been unproductive since the time of Strabo*. 
At present no metalliferous veins are worked in Mount Tmolus, but this may be 
owing to the paralysing effects of ignorance and despotism, rather than to the 
actual scarcity of the precious metals. 

The chain of Tmolus expands to the south-west of the Catacecaumene, and a 
branch from it crosses the Hermus at Adala (Pl. III. No. 13), and is probably 
connected with the range of Demirji. About four miles west of Koola, we found 
some coarse garnets inthe micaceous schist,—the only examples of that mineral, 
which occurred to us in Asia Minor. The schistose rocks near Koola also abound 

in crystalline marble (Pl. III. No. 12), which was extensively quarried in ancient 
times near the village of Ghieurdiz; and three lateral ridges of the same schistose 
rocks extend to the northward in the district of the Catacecaumene, constituting, 
as will be hereafter shown, some of the most remarkable features of that district. 
At Aktash, between Koola and Takmak, a large crystal of oxide of titanium was 
found, and veins of the same substance are disseminated through the micaceous 
schist. 

(h.) Mount Messogis, (Pl. III. Sec. 3).—The mountains around Ephesus, 
anciently called Gallesus, Prion, and Pactyas, abound in marble; and the an- 
cient cities of Metropolis and Ephesus were built on solid masses of it. The town 

‘of Scala Nuova stands upon an insulated rock of blue marble, a portion of that 

branch of Mount Messogis which stretches toward Ephesus, while the other 
extends S.W. toward Mount Mycale. Marble is less abundant in the ridge. of 
Messogis Proper, and none was noticed in crossing from Aidin to Tireh. The 
range here consists of pure mica-schist, occasionally penetrated with ferruginous 
matter. On the north of Tireh the hillocks, which jut through the alluvial plain 
of the Cayster, consist of schist and marble. 

(2.) Erythre.—In the bay of Ritri, opposite the island of Scio, Mr. Hamilton 
found a great development of grey and blue crystalline limestone, resembling that 
of Ephesus already described, and extending in a semicircular line round the ruins 
of the ancient town. In many places all traces of stratification were obliterated ; 
but near the ruins of Erythre, he found thin vertical beds of limestone and in- 
durated sandstone, with veins and small masses of quartz. Some of the beds are 
much contorted, and the strike is nearly north and south. The Acropolis stood 


* We were shown at Smyrna some specimens of rich copper ore, brought from the vicinity of Mount 
Tartali; but we could not learn whether they came from the schistose formation or from the Hippurite 


limestone. 
For an account of Mount Tmolus and Mount Tartali, see Mr. Strickland’s memoir on Smyrna, vol. v 


p. 393. 
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upon a lofty rock of red trachyte; and although the exact line of contact could 
not be traced, the marble was observed to be much shattered near the junction 
with the trachyte. The anchorage is formed by two large wooded islands, about 
11 mile from the shore. The largest is called Karabagh, and consists of the same 
blue crystalline limestone ; but apparently very thickly bedded, for no trace of 
stratification could be perceived. 

(k.) Boodroom (lat. 37°, long. 27° 25').—The high hills which rise behind the 
town of Boodroom (anc. Halicarnassus) consist of blue, compact, semi-crystalline 
marble belonging to this formation. In some places it is interstratified with thin 
bands of siliceous limestone, or cherty beds, which being less easily acted upon by 
the atmosphere, stand out more prominently than the rest. As far as our imper- 
fect knowledge of the physical geography of Caria will enable us to judge, these 
hills belong to a S.W. branch of the fifth great mountain-chain before mentioned 
(p. 4), diverging off from the lofty range of Mount Cadmus. 

(l.) Cnidus (lat. 36° 40', long. 27° 22').—The promontory of Cnidus, forming the 
extremity of the Doric Gulf to the south, Boodroom constituting that to the north, 
consists of thin-bedded limestone-shale, overlaid by thick-bedded blue marble ; 
the dip being to the S. and S.W. from 45° to 60°. This formation was observed 
several miles up the promontory, and is composed of the following beds in a de- 
scending order : 

The summit of the peninsula towards the west, consists of thin-bedded calcareous shale and a concre- 
tionary rock dipping to the S.W.; and of thick-bedded grey marble containing caves and fissures, many 
of which are covered or filled with stalactitic calcareous deposits, resembling in colour some varieties of 


oriental alabaster. 

To the eastward of the hollow in which stood the ancient city, the marble reappears, dipping in the 
same direction, and is interstratified with a hard greenish sandstone grit. 

The hills rise rapidly towards the E.N.E., attaining, at the distance of about two miles, a height of 
above 2000 feet. This summit is formed by a very narrow ridge of rocks, a quarter of a mile in length 
from N.W. to S.E., consisting of thinly laminated calcareous shales, dipping S.W. at an angle of 45°, and 
presenting an almost precipitous escarpment towards the N.E. 


(m.) Rhodes.—The blue crystalline marble occurs frequently on the east coast of 
the island of Rhodes, near the town of Lindo, dipping 25° N.W. It forms high 
hills, against which the tertiary shelly limestone reposes, as shown in Section, p. 14. 
The Acropolis of Lindo is built upon strata of it, also dipping to the N.W. It oc- 
curs likewise further north, between Rhodes and Archangelo, where, besides the 
high range of hills about two miles from the sea, another low ridge of rocky points 
of the same formation rises up in the middle of the plain nearer the sea, forming a 
low ridge parallel to the coast. In one place, between Lindo and Archangelo, this 
rock was observed to become harder and schistose, and to pass into a hard black 
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crystalline limestone, with a slightly concretionary structure like the Silurian lime- 
stone of the Bosphorus ; it likewise dips to the N.W., but at a much greater 
angle. 


§ 2. Cretaceous System. (Pl. III., Sec. 1. 4 and 6.) 


The fossils found in this group of rocks, prove it to be the equivalent of the 
‘** Apennine Limestone” of Italy, Dalmatia, the Ionian Islands and Greece*. The 
following are the localities at which we have evidence of its occurrence : 

(a.) The Northern Flank of the Olympus Chain.—The south shore of the Lake of 
Apollonia (lat. 40° 2’, long. 28°35’) consists of compact, fine-grained, pale yellowish 
limestone, resembling the Apennine limestone of the Ionian Isles. We did not suc-- 
ceed in finding fossils. It extends for about eighteen miles in a nearly straight line 
from E.N.E. to W.S.W., dipping at a high angle into the lake ; and it apparently 
rests upon the schistose rocks which range from Mount Olympus to the west- 
ward. The same limestone occurs on the north side of the hills between the Lake 
of Maniyas and Susugherli (Sec. 1). It is accompanied by argillaceous shales and 
micaceous sandstones, which at the latter place form hills on both sides of the 
Macestus. Higher up that river, between Ildiz and Kebsit, is a range of schistose 
hills, in some places very micaceous, and in others resembling argillaceous slate. 
Huge masses of compact white limestone are exposed on the hill sides in several 
places, and appear to be allied to the hippurite limestone rather than to the 
schistose series. 

(b.) The upper Basin of the Hermus.—An arenaceous deposit which occurs in 
this district, we are inclined to refer to the newest portion of the secondary series. 
We first observed it on the north slope of a range of schistose rocks, which extend 
westward from Morad Dagh, between the Hermus and the Plain of Hushak (PI. IIT. 
Sec. 4). It is well exposed in the ravine east of the village of Makouf, where it con- 
sists chiefly of brown micaceous sandstone, finely laminated ; but it is not crystal- 
line or compact, like the schistose formation above described. Some thin beds of 
soft white limestone were here noticed; and a little further north, a conglomerate 
of rolled pebbles of quartz, marble, mica-schist, &c., is interstratified with the 
sandstone. 

On the south of the schistose ridge, between Sorkoum and Hushak (Sec. 4), is a 
zone of brown sandstone and quartzose conglomerate, dipping from 40° to 60° to 
S.W., which is probably referable to the same age. A similar sandstone occurs on 


* For a description of the Apennine Limestone of Zante, see Geol. Trans., vol. v. p. 403 ; and for that 
of Greece, see the “‘ Expédition scientifique de la Morée,” partie géologique, par MM. Boblaye et Virlet. 
Fol. Paris, 1835. 
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the north side of the Hermus, between the ridge of Demirji and the Catacecaumene. 
On the south of Simaul (Sec. 6) it occupies the whole surface of the ridge, 
which is there very low, and consists of thinly-laminated sandstone, containing 
mica, and breaking into large slabs. It extends thence southward for about five 
miles, where it is overlaid by a tertiary tufa. About eleven miles further south, 
the laminated sandstone reappears on the banks of the Aineh-chai, dipping from 
30° to 40° S. by W., and is covered unconformably by the horizontal tufa. The 
accompanying section is well exposed in this deep ravine, the hills on each side of 
which rise to the height of 600 or 700 feet. 


Section, 7 miles N.E. of Selendi. Lat. 38° 45’, long. about 29°. (See also the description, p. 18.) 


2 Micaceous Sandstone. 


a. Peperite. 4. Trachytic conglomerate. c. White marly quartz pebbles. d. Peperite, with boulders. 


These sandstones appear at intervals on the sides of the river to the distance of 
six miles below Selendi. They are nearly horizontal, and on the south side of the 
Aineh-chai have a slight northerly dip, reposing against a low ridge of saccharine 
marble, which ranges between that river and the Hermus. On the south of this 
axis, the sandstones again occur, dipping with a southerly inclination towards the 
Hermus ; and are overlaid by horizontal beds of tertiary fresh-water limestone. 
The following section in descending order, is exposed about a mile north of the 
Hermus : 


ny nitetmanlof the tertiary, formation «4... sisie0ciat 04's «sisi dn's 2 be sy0 5 or 6 feet. 
pMerGae WEUs Of MATL AMG SAW 2\.< c'ceiso on esol ts Yeoe msi, avora eo: 0, oe 20 
Loose beds of sand and gravel, with pebbles of quartz-rock and schist. . 30 


The sandstones above described did not occur to us elsewhere in Western Asia 
Minor. They appear to be devoid of fossils, but are clearly younger than the 
schistose group,and older than the tertiary beds; and we have therefore preferred, 
on account of their comparative unimportance, to class them, for the present, 
under the Cretaceous system, than to assign them a separate place. 

(c.) The vicinity of Smyrna.—The compact grey limestone with Hippurites and 
Nummulites, associated with greenish argillaceous and arenaceous shales, which 

c2 
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form the mountains around Smyrna, are among the best types of this formation, 
which fell under our notice in Asia Minor. They are described at length in a 
separate memoir. (Vol. v. p. 393.) 

(d.) The Island of Scio and the peninsula of Kara-bornou consist of compact 
grey limestones, which we refer to this formation. These naked mountains pre- 
sent precisely the same dull grey appearance, which forms so peculiar a feature in 
the scenery of Greece and Albania, where similar rocks prevail. 

(e.) Sighajik (lat. 38° 14’, long. 26° 50').—The rocky peninsula which extends be- 
tween Sighajik and Teos, and is connected with the main land by the low marshy 
plain, on which stand the ruins of Teos, consists of a greyish white limestone re- 
sembling scaglia, but having sometimes a much more earthy character. It dips 
slightly to the W. by S._ It is generally thick-bedded, and very nearly resembles 
the lacustrine limestone near Smyrna. In places, it is underlaid by beds of sand 
and sandstone, containing calcareous concretions; and is sometimes thinly bedded, 
the strata being separated by slightly micaceous marly waybands. 
 (f.) Syme (lat. 36°35', long. 27° 52').—The whole of the bare and rugged island 
of Syme consists of a greyish white compact alpine limestone or scaglia, with 
occasional nodules and bands of siliceous limestone. It is in general very thickly 
bedded, but is sometimes thin-bedded, the strata being separated by thin seams 
of marl or green sand. One of the authors (Mr. Hamilton), who was several days 
on the island, sought in vain for organic remains. The general stratification of 
Syme is horizontal; but toward the north the beds dip 80° N.N.W., whereas to 
the south the dip is S.S.E. The coast-line is rugged and deeply indented, and 
the general features and characteristics of the island closely resemble those of the 
island of Ithaca. The whole of the southern shore of the Gulf of Syme consists 
of the same formation. The limestone varies a little in colour, being sometimes 
a pale red. At the eastern end of the Gulf, it alternates with bands of pale red 
jaspery chert, dipping N.W. 50°; and it is in places much contorted. Further 
eastward, the dip is still greater. 

(g.) The Island of Rhodes.—The greater part of that portion of the island which 
has been explored, consists of those rocks which, under the name of Scaglia, or 
Apennine limestone, have been considered the equivalents of the Cretaceous 
system of Europe. This formation is composed in the island of Rhodes of—Ist, 
red and brown sandstone and conglomerates; and 2ndly, of whitish grey or 
cream-coloured and red scaglia limestone. 


1. Red and brown Sandstone and Conglomerate-—These appear to constitute the upper beds of the 
system, and are found near the centre of the island. A red conglomerate sandstone occurs between Apol- 
lona and Embona, dipping S.S.W. 50°, and resting conformably upon white scaglia. Indurated red marls 
and hard sandstone grits also occur in the same locality. At the foot of Mount Atairo, to the N.N.W., 
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is another bed of conglomerate, containing chiefly boulders of greenstone and a greenish granitic rock, 
together with rounded masses and pebbles of the grey scaglia, of which the neighbouring hills consist. 
The igneous rocks were not observed 7 sttu. 

2. Scaglia Limestone.—This formation is chiefly developed in the lofty ridges of Mount Atairo, the 
ancient Mons Atabyrius, which rises to a height of 3500 or 4000 feet above the sea. The summit is a 
narrow ridge above two miles in length from N.E. to S.W., which is nearly the direction of the axis of 
the island. The beds all dip uniformly to the S.E., at angles of 15° or 20°, and present a steep 
escarpment towards the N.W. The upper portion consists of thick-bedded grey scaglia without flints, 
and is underlaid by a thinly laminated, schistose limestone with tabular masses or beds of flint, below 
which again, the beds become thicker and the flints are nodular. These formations constitute the upper- 
most 900 feet of the mountain, below which the scaglia limestone is interstratified with a red calcareous 
shale or marly limestone, which is again succeeded by the thick-bedded limestone without flints. 


The Acropolis of the ancient town of Camiro on the east coast of the island, 
six miles north of Lindo, is built upon an insulated table mass of white or cream- 
coloured limestone, very compact, and with rather a conchoidal fracture ; and it 
has every appearance of having once been an island before the tertiary formations, 
by which its base is encircled, were raised above the surface of the waves. 

(h.) Deenair (lat. 38° 3’, long. 30° 22').—The same formation occurs at this 
place near the sources of the Meander, where it contains numerous Nummulites. 
It is so extensively developed to the east and south-east, as to constitute the 
greater part of the Mount Taurus range; and Nummulites have also been found 
in it near Adalia. 


The secondary deposits here described under one head, may ultimately prove to 
have been formed at various epochs, but we are at present too imperfectly ac- 
quainted with their organic remains to decide this point. The only fossils found 

by us, are Hippurites and Nummulites, and these indicate a very recent secondary 
date, equivalent to that of the Cretaceous system of Northern Europe. These 
deposits appear to have been affected by the same movements as the schistose 
rocks which underlie them ; and all our evidence on the subject leads to the in- 
ference, that the mountain-chains of this country were elevated above the sea 
towards the close of the secondary period. It is this circumstance, which has caused 
that peculiar feature in the scenery of Asia Minor before adverted to,—the abrupt- 
ness with which precipitous mountains rise out of horizontal plains (See anté, p. 3). 
We here find limestones of the Cretaceous age elevated into mountain-chains, which 
rival in altitude those of the Carboniferous and Protozoic periods in Northern Europe. 
Those younger secondary strata, which in Britain form tabular or undulating 
hills, and conduct us gradually from the plains of Essex to the mountains of 
Wales, have here undergone disturbances on the most gigantic scale. They have 
also acquired a compactness of texture much more analogous to the Protozoic than 
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to the Cretaceous rocks of Britain. The tertiary strata which have since been 
deposited around the bases of these mountains have undergone very little dis- 
turbance, and almost invariably retain their original horizontality. 


§ 3. Tertiary Marine Deposits. 


Deposits of this class are of small extent in Asia Minor, and appear to be en- 
tirely confined to the vicinity of the sea-coast. We know of their existence at 
only the two following localities in Western Asia Minor : 

(a.) The Troad.—The west coast of the Troad, and both shores of the Dardanelles, 
consist of horizontal strata of light-coloured limestones and marls. We had no 
opportunity of landing there; but as Olivier gives the names of several species of 
existing shells which he found in this deposit *, we infer that it belongs to the 
Pliocene group. A sandstone with Pectines is stated by Fontanierf to occur in 
Tenedos. 

(b.) The Island of Rhedes.—The N.E. end of Rhodes consists of a yellow, con- 
cretionary, calcareous tufa, with beds of sand and gravel almost horizontal, and 
full of tertiary shells, of which the genera Pecten, Cardium and Venus are the 
most common. ‘This deposit attains a height of 200 or 300 feet above the sea, 
forming in many places hanging terraces resting against the steep sides of the blue 
marble mentioned abovet. (See Wood-cut.) 


Rhodes. 


W. Cliffs of shelly conglomerate and tuff. E. 


Blue Marble. 


* Travels in the Ottoman Empire, vol. ii. ch. 2. + Voyages en Orient, vol. i. p. 9. 

{ Mr. Hamilton also observed in the ruins of Tripolis ad Mzandrum, nearly one hundred miles from 
the mouth of the river, several large blocks of a shelly tertiary marine limestone, which could not have 
been brought from any great distance ; but he did not observe the rock im sitw. 
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§ 4. Tertiary Lacustrine Deposits. (PI. III., Sec. 1, 3 to 6, and 9.) 


These deposits occupy a large portion of the surface of Asia Minor. We have 
already stated our belief (p. 13) that the schistose and cretaceous rocks, towards 
the close of the secondary period, were raised above the surface of the ocean, 
and formed that tumultuous mass of mountains which still intersects the country. 
It would seem, that the inequalities of surface thus produced, gave rise to numerous 
inland lakes, whose vast calcareous deposits denote a long period of comparative 
tranquillity. At length, by the slow denudation of their rocky barriers, aided 
probably by the convulsions incident to a volcanic country, these lakes were 
drained, and the rivers assumed the geographical positions which they still oc- 
cupy. In the parts of Asia Minor which we visited, nearly every large valley was 
found to contain these lacustrine deposits ; but in the more narrow ravines of the 
mountain-chains, nothing of the kind was noticed. This fact may enable us to 
distinguish the modern valleys of denudation from those older depressions, which 


were caused by the original elevation of the mountains. ~ 


The lacustrine formations of Asia Minor consist, in general, of calcareous marl and white limestone. 
The latter is often identical in composition with the chalk of England, and the resemblance is further in- 
creased by the presence of beds and nodules of black flint. Sometimes the limestones are more compact, 
and approach in character the Italian scaglia or the Bavarian lithographic stone. Towards the margins 
of the lacustrine basins, the marls and limestones gradually become sandy and then gravelly, and not un- 
frequently traces may be found of a regular shingle beach*. (PI. III. Section 5.) 

The lacustrine strata are, with few exceptions, nearly horizontal, and seem in general to have remained 
undisturbed since the period of their deposition. The lapse of time however has subjected these deposits 
_ to extensive denudation, and sometimes nothing remains of them, but a few detached platforms, which skirt 
the sides of the valleys at the same level, and show the precise form and extent of these ancient lakes. 

The organic remains which occur in these deposits, consist of lacustrine shells and portions of vege- 
tables. They approach very closely to existing forms, though we do not venture to assert a completely 
specific identity in any of them with the present Fauna or Flora of Asia Minor. No remains of 
Mammalia or other Vertebrata were noticed during our rapid survey of these deposits; and we wish to 
call the attention of future travellers to this desideratum in the geology of Asia Minor. 


We now proceed to enumerate the localities at which we met with deposits of 
this class, though we do not pretend to assert the absolute contemporaneity of all 
these detached lacustrine basins. 

(a.) The basin of Moudania (lat. 40° 23', Pl. I.).—The country between Mount 
Olympus and the sea of Marmora is occupied by a tertiary formation, but no fossils 
occurred to us in it. Near Moudania it forms hills overlooking the sea, and 
several hundred feet in height. The similarity of the white limestone of the 


* To the eastward of that part of the country, now more immediately under consideration, beds of 
selenite and gypsum occur in some of the upper portions of the formation, as between Sevrihissar and 
Afiom Karahissar. 
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beds of flint which accompany it, to the lacustrine deposits of Smyrna and other 
places, induces us to refer it provisionally to the same group. The formation ex- 
tends to the Lake of Apollonia and reappears at Kirmasli, whence it sends a 
branch up the valley of the Rhyndacus as far as Kesterlek. 

(b.) Basin of Dundar (lat. 39° 50').—This basin is of small extent, occurring 
in a valley on the S.W. side of the Rhyndacus. ‘The deposit is a soft, white, 
sandy limestone, dipping at the village of Bourmah, about 10° E.S.E. Here also, 
having found no fossils, we are guided only by analogy in referring it to the lacus- 
trine group. 

(c.) Basin of Harmanjik (lat. 39° 47'}.—This is bounded on the north by the 
schistose hills which form the base of Mount Olympus, and on the S.E. by the 
volcanic rocks of Eshén. It consists throughout of white limestone horizontally 
stratified. Like similar deposits in Auvergne and the Cantal*, it contains an 
abundance of black flint in beds and nodules ; and considerable quantities of gun- 
flints are made there and sent to Constantinople. Near Haidar, at the northern 
limit of the basin, is a picturesque gorge, at least 600 feet deep, traversed by 
the Rhyndacus, which affords an admirable section of the horizontal strata on 
each side. The limestone contains a small turrited species of Paludina, resem- 
bling P. acuta (Michaud), or P. stagnoruwm (Turton). A species, similar in form 
but double the size, occurs associated with a Limnea near the south boundary of 
the basin, about five miles from Harmanjik, and two from Eshén. 

(d.) Basin of Taushanli (lat. 39° 35').—The trappean rocks of Eshén (postea, p. 23) 
separate this basin from the last. The lacustrine deposit, if such it be, has received 
considerable modification from the vicinity of the igneous rocks, which appear to~ 
have been in action during its deposition. In place of a pure earthy limestone, 
we have a peculiar kind of tufa or peperite, composed of particles of quartz im- 
bedded in a felspathic cement, and accompanied by hexagonal crystals of horn- 
blende. Near Taushanli this tufa becomes more calcareous, and contains angular 
fragments of jasperine rocks}. It is capped by a stratum of brown impure jasper, 
containing a large proportion of iron. 

The alluvial plain of Taushanli is surrounded by platforms of this tufaceous 
deposit,—the scattered outliers of a formation once continuous. No organic 
remains were noticed. 


* See Scrope on Central France, p.25. Lyell’s Principles of Geology, 3rd edition, vol. iv. p. 106, &c. 

+ Mr. Hamilton is of opinion that this tufaceous deposit, which he observed in many other parts of 
Asia Minor, does not belong to the lacustrine group, but is anterior to it, being in fact an accompaniment 
of the trachytic rocks which everywhere appear in its neighbourhood. 

t This deposit of tufa and jasperine rocks is probably continuous with a similar district on the north 
of Kutahiyah, described by Mr. Fellowes in his “ Excursion in Asia Minor,” pp. 128, 129. 
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(e.) Basin of Gozuljah (lat. 39° 25').—We crossed this basin in going from Tau- 
shanli to Azani. It is filled with white limestone identical in appearance with 
English chalk, and containing strata of black flint. The scenery also strongly re- 
sembles that of our own chalk counties, consisting of rounded hills intersected by 
dry valleys, and covered with fir and juniper. No organic remains were noticed. 

Near the village cf Gozuljah (Pl. III. Sec. 5) is a section showing the gradual 
transition of this white limestone into gravel, as it approaches the margin of the 
ancient lake. 

(f.) Basin of Azani (lat. 39° 14').—The ancient town of Azani, the interesting 
ruins of which are among the best-preserved in Asia Minor, stood in an alluvial 
plain near the source of the Rhyndacus, surrounded by mountain-chains of mica- 
schist and marble (Sec. 4). Around the bases of these mountains are beds of 
gravel, passing into white limestone. The latter rock approaches within three 
miles of Azani on the south, and has been extensively used in the construction of 
its ancient buildings. 

The following species of shells were noticed in it: 


. Limnea, a species closely resembling ZL. longiscata, Sow. 


» a small turrited species like Z. fossaria, Flem. 

. Physa, a small turrited species like P. hypnorum, Drap. 

. Planorbis, a large species like P. cornea, Drap. 

small, with five rounded volutions, like P. spirorbis, Mull. 
small, subcarinate, allied to P. nitidus, Mull. 

. Pupa, a small species. 

. Clausilia. 


CHOMIAAE ONS 


. Paludina, a ventricose species like P. similis, Drap. 


(g.) Basin of the Macestus (lat. 39° 20')—The valley of the Macestus, between 
Kebsit and Boghaditza, is occupied by a horizontal formation of calcareous marl 
and white limestone, thinly bedded and of chalky texture, containing in some 
parts many nodules of flint. In the southern portion of the basin, the beds are 
broken up by the intrusion of igneous rocks, which will be described hereafter, 
p. 24, (Pl. III. Sec. 1). No organic remains were observed. 

(h.) Basin of Ghiediz (lat. 39° 2')—A deposit of white limestone fills the upper 
valley of the Hermus, and is contained between two ranges of schistose mountains 
which run westward from Morad Dagh. No fossils were noticed during our rapid 
survey. (Pl. III. Sec. 4 and 9.) 

(i.) Basin of Hushak (lat. 38° 39').—This is a lacustrine formation of great extent, 
bounded on the north and east by branches of Morad Dagh, and on the west by 
the mountains near Takmak, while to the south it extends to the Meander, and is 
bounded by the continuation of the range of Messogis. The whole of this area is 
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a nearly level plain (Pl. III. Sec. 4), drained by tributaries of the Meander, which 
flow in narrow ravines, deeply denuded in the lacustrine limestone, and discover- 
able only on a close approach. A remarkable case of the kind occurs near the 
town of Gobék. Here, a vast ravine, at least 600 feet in depth, is surrounded by 
cliffs of limestone in horizontal strata. At the bottom flows a meandering stream, 
probably the ‘‘ Kopli-sou”’ of Tavernier. The time-worn cliffs resemble an as- 
semblage of towers, castles and cathedrals, and present a scene which can hardly 
be depicted by the pencil or the pen. 

In the more southern portion of this plain, where the formations have been cut 
through by the Meander, the Banas-chai and the Kopli-sou, the subjacent beds of 
micaceous and argillaceous schists and crystalline marble of Mount Messogis, 
together with intermediate beds of sand and gravel, which everywhere underlie 
the lacustrine limestone, are well exposed along the borders of the ancient lake. 

We found the following organic remains near Kalinkesé, in the central part of 
this basin (lat. 38° 30’) : 


1. Limnea, apparently the same as No. 2 in the Azani list (p. 17). 
2. Planorbis, ————————————- No. 5 —_— 
3. Paludina, —————_——_———— No. 9 

4, Minute seeds of Chara (“« Gyrogonites”). 


(k.) Basin of the Catacecaumene (lat. 38° 35').—The tertiary deposits in this basin, 
consist of horizontal beds of white limestone passing downwards (in the northern 
part of the basin) into volcanic tufa. The limestones have been deeply denuded 
by the Hermus and its tributaries, and now form a series of lofty plateaux, fre- 
quently capped by tabular masses of basalt, which will be described hereafter, 
p. 29 (Pl. II. Sec. 6, and Sketch No. 11.) 

About nine miles south of Simaul (lat. 39° 5', long. 29° 5') the following section 
in descending order, of the horizontal tufaceous beds, was noticed : 


a. Hard, voleanic tuff, slightly crystalline, with boulders and pebbles of trap, and 
Hamerous, COMCKELIONS OL PYCEN WAT). . 00... 2s cece weet sees sobs 12 feet. 
b. Soft, earthy, yellowish tufa, with small fragments of pumice.,.............. 10 — 
ce. A hard crystalline bed, which, but for its stratification, might be taken for a 
slighty decomposed 1eMEOUS TOK ooo: ayes seis ioe poses so cess acne tees 


These tufaceous beds are capped with white limestone, from beneath which they 
crop out in many places in the sides of the ravines. They rest unconformably on 
beds of secondary sandstone, as is shown in the wood-cut at p.11. At the point 
where that section occurs, seven miles N.E. of Selendi (lat. 38° 45’), the lower 
part of the tufa, resting upon the sandstone, consists of a conglomerate with 
large masses and boulders of quartz, greenstone, and other primary and igneous 
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rocks, in irregular waved beds. The strata in ascending become finer-grained and 
more nearly horizontal, dipping 10° south. (See wood-cut, p. 11.) These appear- 
ances may be owing to the violent disturbance and gradual subsidence of a body 
of water, acted upon by volcanic forces. 

On approaching the Hermus from Selendi, the tufaceous beds thin out, and the 
lacustrine limestone rests on the secondary sandstone. (Pl. III. Sec. 6.) This lime- 
stone covers an extensive tract gn both sides of the Hermus, forming table-lands 
about 700 feet above that river. Between the Aineh-chai and the ruins of Saittz, 
it contains beds of tabular flint about a foot thick ; and in one place, near a local 
outburst of basalt, a mass of hard brown siliceous rock, about 50 yards in extent, 
was found in the midst of the limestone, taking the place of the beds of flint. 

Our attention was too much occupied with the volcanic phenomena of this in- 
teresting district, to search for organic remains in the tertiary limestone ; but from 
the complete analogy of the formation to those deposits in which fresh-water shells 
were found, we have no doubt of its lacustrine origin*. The drainage of this an- 
cient lake has doubtless been effected by the opening of the gorge in the schistose 
rocks near Adala, through which the Hermus flows. (Map, Pl. I, Pl. Hl., 
Sketch 13.) 

(l.) Basin of Sardis (lat. 38° 30', long. 27° 55').—The greater part of this deposit 
has been removed by denudation, but some low hills of limestone yet remain on the 
south side of the Gygean Lake, and others to the east and west of Adala. A zone 
of sand and gravel, perhaps of a different age from the limestone, extends along the 
north flank of Mount Tmolus (Pl. III. Sec. 3), presenting a succession of broken 
hills and ravines, which, backed by the snowy heights of Tmolus, form a scene of 
the richest beauty. This gravelly formation is subject to rapid destruction ; and 
the celebrated Acropolis of Sardis, which could once hold out against a Persian 
army, is now reduced at the top to an area of a few yards square, which a short 
lapse of time will probably diminish to a point. (Section 3.) 

(m.) Basin of Smyrna.—The lacustrine deposits near Smyrna, with their imbed- 
ded shells and vegetables, are fully described in a paper devoted to the geology of 
that district. (See vol. v. p. 393.) 

(n.) Lower Vale of the Meander (lat. 38°).—It is with some doubt, that we cite this 
district in the list of lacustrine basins, as no fresh-water limestone was noticed in it; 
and the masses of gravel and sand which skirt the south side of Mount Messogis 


* Mr. Hamilton, who, in the year 1837, succeeded in carrying his barometer across these plains, 
found that the elevation of the highest parts agreed, within a few feet, with that of the plain of Gobék 
and Hushak ; he also thinks, that although separated near Koola by the eastern prolongation of Mount 
Tmolus, these two plains may be connected more to the N.E.; their elevation above the sea varying 
from 2000 to 2400 feet, the latter altitude being the elevation of the highest portion of the lacustrine 
formation of Koola. 
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might have been produced by the waves of the sea. However, they have so com- 
plete an analogy to those on the north side of Mount Tmolus, that we are inclined 
to refer them to the same origin, whatever it may be (Pl. III. Sec. 3). 

In the valley of the Meander, these accumulations of detritus form a zone of 
broken hills, many hundred feet in height, which flank the schistose range of 
Mount Messogis. They appear to have been afterwards modified by water at a 
lower level than that which originally produced them ; for horizontal platforms of 
gravel rest against the sides of the loftier hills, at a height of about 200 feet above 
the alluvial plain of the Meander. The ancient town of Tralles stood on one of 
these platforms, defended on three sides by an abrupt escarpment, and on the 
fourth by its citadel, which was placed on the summit of a lofty peak of indurated 
gravel and sand. The peculiarity of its situation is most accurately described by 
Strabo, lib. xiv.c. 1. The gravel consists of rounded pebbles of quartz and mica- 
schist, derived from the higher parts of Mount Messogis. 


It is remarkable that of these tertiary deposits, so common elsewhere, no trace 
has been noticed in the valley of the Cayster. This extensive vale is completely 
insulated by the schistose ranges of Tmolus and Messogis, and the only exit for 
its waters is through a narrow gorge into the sea at Ephesus. The absence of 
these deposits renders it probable that the vale of the Cayster has been brought 
into its present condition at a comparatively recent period ; or if contemporary 
with the other valleys of the country, we may suppose that, from the absence of a 
dam to retain its waters, no lacustrine deposit could accumulate. 


§ 5. Modern Aqueous Deposits. (Pl. III. Sec. 2.) 


Under this head we have to notice only travertine accumulations and river al- 
luvions. Of the former, a remarkable instance occurs at Brusa (PI. III. Sec. 2). 
The hot springs which rise at the foot of Mount Olympus have the high tempera- 
ture of 184° Fahr.; and they constantly deposit travertine, a platform of which 
extends about two miles from the springs, along the foot of Olympus, into the 
town of Brusa. It is here about half a mile in width and 100 feet high. At 
this end, there are no thermal sources at present, and it is probable that they 
became stopped up by the calcareous deposit, and found a new exit at the point, 
where they now flow. 

At Ilijah (lat. 39° 10’), in the upper valley of the Macestus, about seven miles 
east of Singerli, are some thermal springs of a very high temperature, which have 
formed extensive accumulations of fibrous and mammillated travertine. One 
source is ejected a foot and a half above the top of a mound of travertine which 
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it has accumulated, and which is approached by a natural bridge of the same sub- 
stance formed across a stream from another spring: In one place, the water falls 
over a cliff eight or ten feet high, producing stalactites in its course. 

The hot-springs of Hierapolis, in the upper valley of the Meander, flow over a 
cliff which they have encrusted with white travertine and stalactites. The remark- 
able appearance here presented, has given the Turkish name of Bambouk-kalesi, 
or ‘‘ Cotton Castle,” to the town, and has excited the attention of many ancient as 
well as modern authors*. 

Asia Minor presents some interesting examples of the geographical changes 
effected by the alluvia of rivers. The detrital deposits of the Meander were so 
abundant as to excite the attention of Strabo. Since his time, the island of Lade, 
near which a naval action was once fought between the Persians and Ionians, has 
become a hill in the midst of a plain ; the Latmic Gulf is changed into an inland 
lake ; and the once flourishing town of Miletus, losing her commerce from this 
cause, has become a heap of ruins. 

The alluvia of the Cayster have reduced Ephesus to the same state as Miletus. 
Her port, once the seat of commerce and civilization, is now a stagnant pool, se- 
parated from the sea by a marshy plain, which infects the surrounding district 
with malaria. 

A similar fate perhaps awaits the now flourishing city of Smyrna. The Delta 
of the Hermus is fast advancing across the Gulf: a narrow channel only is at 
present open to shipping ; and a few centuries may see that populous city, reduced 
to the condition of Ephesus and Miletus. 

The absence of tide in the Mediterranean is doubtless the chief cause of the 
rapid extension of these alluvial deposits in historical times. The bays and estu- 
aries not being cleansed by the daily reflux of the tide, the alluvial matter brought 
down by the rivers deposits itself close to their mouths, and their deltas are thus 
pushed into the sea with a rapidity, of which we have no examples in tidal 
oceans. 

Under the head of modern alluvial formations, we may mention a singular lacus- 
trine deposit in the valley of the Rhyndacus, above Kirmasli (lat. 39° 56’). A low 
range of tertiary limestone crosses the valley at that town, and is cut through by the 
Rhyndacus, which traverses a narrow gorge. A lake once existed on the upper 
side of the limestone hills, and has left considerable deposits of mud, sand and 
gravel. The opening of the gorge having drained the lake, the Rhyndacus has 
since had time to remove the greater part of the lacustrine deposit ; but platforms. 
of it still skirt one or both sides of the valley, at the height of 50 or 60 feet above 


* See Strabo, lib. xiii. cap. 4. Vitruvius, 1. viii. cap. 3. Chandler, Trav., vol. i. ch. 68. Laborde, 
Voyages en Orient. Fellowes, Excursion in Asia Minor, p. 283, &c. 
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the more modern plain in which the river now flows. Want of leisure prevented 
us from searching for organic remains in this deposit, but the appearances, which 
it exhibits, seem to refer it to the modern or newest. tertiary epoch. 


B.—Ienerovus Rocks. 


§ 1. Granitic Rocks. (Pl. III. Sec. 1 to 3, and 6.) 


Rocks of this class are rarer in Asia Minor than might have been expected in a 
country where schistose formations of great antiquity and igneous rocks of a later 
period are so largely developed. The only good exaniple of granite which fell under 
our notice, is in the peninsula of Cyzicus (lat. 40° 25', Pl. III. Sec. 1). This moun- 
tainous mass consists of a fine-grained grey granite, decomposing rapidly in con- 
sequence of the felspar which it contains, and thereby producing a luxuriant soil. 
It also contains large masses of hornblende or amphibole, and is sometimes tra- 
versed by veins of felspar. 

This granite appears to have been elevated subsequently to the formation of the 
schistose rocks, which dip away from it, at Erdek to the S.W., and at Aidinjik to 
the S. and S.E. by S. (See Section 1.) The marble of the island of Proconnesus 
on the north, has probably been elevated by the same mass of granite. 

From the occurrence of granite pebbles in the detritus at the north foot of the 
Demirji chain, near Mumjik (lat. 39° 7’, long. 28° 35'), we infer, that granitic rocks 
exist in the higher parts of that lofty range. 

We have only to add on this head, that M. Texier, whose interesting researches 
in Asia Minor are in course of publication, informed us, that he had met with - 
granite on the summits of Mount Olympus in Mysia, Mount Tmolus, and Mount 
Latmus near the mouth of the Meander. (PI. III. Sec. 2 and 3). 


§ 2. Greenstone, and older Trap Rocks. 


Igneous rocks, which can safely be referred to this class and period, are not of 
very frequent occurrence in the western parts of Asia Minor. They were observed 
by us at the following localities : . 

(a.) The promontory of Bozbornou, north of the Gulf of Moudania, consists at 
its western end of a greenish trap, sometimes forming rounded concretions, which 
at a distance resembled an artificial wall (lat. 40° 35’). 

(b.) Immediately behind the town of Moudania a compact, green, trappean rock 
appears above the surface, and its decomposition has in many places produced 
a fine rich soil. This rock is however associated with tertiary strata, and is pro- 
bably referable to a late epoch. 
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(c.) Another example of greenstone occurred between Kesterlék and Edrenos, on 
the south side of the Rhyndacus. It appears in the midst of the schistose forma- 
tion, and is accompanied with red and brown jasper. We however saw no sec- 
tions which exhibited its connexion with the schistose rocks, but we are disposed 
to think that the jasper is an altered rock intervening between the greenstone and 
the schist. 

On the south side of the basin of Taushanli, above Karjitash, some trappean 
dykes were noticed in the schistose formation. 


§ 3. Trachytic and newer Trap Rocks. (Pl. III. Sec. 1, 4, 6, 9, and Sketch 10.) 


A remarkable feature in the geology of Asia Minor is the vast abundance of 
trachytic rocks, which have been erupted at detached points throughout the coun- 
try. They appear generally to occur in the sides or bottoms of the valleys, and 
are frequently in contact with the tertiary formations. 

No instance occurred to us of rocks of this class, in the higher parts of the 
schistose mountain-chains. From this circumstance, we consider the trachytic 
rocks of the country to be all, or nearly all, of the tertiary period ; and it is pro- 
bable, that their ejection was consequent on the breaking-up of the superficial crust 
by the elevation of the mountain-chains, at the close of the secondary period. In- 
deed, in some cases we have direct proof of the date of these eruptions by their 
having broken up, injected and altered the tertiary formations. It is remarkable, 
that in such cases the general horizontality of the tertiary strata remains undis- 
turbed, the dislocations produced by the trachyte being confined to a few hun- 
dred yards around the focus of eruption. We may henee infer, how insignificant 
have been these volcanic operations in comparison with those forces, which could 
elevate the secondary formation into lofty mountain-chains. 

We proceed to enumerate the chief localities at which we noticed this class of 
rocks : 

(a.) On the north side of the lake of Apollonia, about three or four miles N.E. 
from the town of Abullionte (ancient Apollonia ad Rhyndacum), the hills consist 
of red porphyritic trachyte containing imbedded crystals of glassy felspar (lat. 
40° 10). 

(b.) At Hammamli, near Kirmasli (lat. 39° 56’, long. 28° 25’), is a mass of por- 
phyritic trachyte of various colours. It forms an isolated hill not more than a 
mile in extent, rising in the midst of tertiary limestones. 

(c.) Around the village of Eshén (lat. 39° 43’, long. 29° 20’), between Harmanjik 
and Taushanli, is an extensive patch of trappean rocks containing an abundance 
of iron ore, and occasionally traversed with veins of carbonate‘of magnesia. On 
the north side of these igneous rocks, on the road to Harmanjik, a dyke of com- 
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pact basalt, resembling greenstone, traverses lacustrine limestone containing Palu- 
dinz and Limnee. 

Towards Taushanli these trappean rocks assume the character of a brown and 
grey trachyte, and form some considerable hills. ‘They were probably erupted 
during the deposition of the tufaceous sandstones, which occupy the basin of 
Taushanli as before described (p. 16), the materials of which were probably 
ejected from the same craters in the state of ashes and cinders. 

(d.) In the valley of the Macestus are several outbursts of trachytic rocks. (PI. 
III. Sec. 1). About two miles south of Susugherli a mass of compact porphyritic 
trachyte stretches down from the hills on the west ; and half a mile further south, 
at Tashkapu, is a considerable extent of white volcanic tufa, dipping slightly to 
W.S.W., and forming a perpendicular cliff, around which the Macestus flows. 
Hills of red trachyte with glassy felspar occur a mile to the south of Kebsit, and 
again at Kalbourja, six miles further south. One of these hills, of a conical form, 
rises far above the rest ; and on its south side is a deposit of stratified volcanic 
sand and conglomerate, dipping 8.W. and resting upon trachyte. A mile further 
south is a very talcose rock resembling serpentine, much decomposed, and breaking 
with an irregular, lustrous surface. These rocks rise in the midst of tertiary, 
lacustrine limestone above described, which, on the south side of the trachyte, 
is much disturbed, and is sometimes almost vertical. About three miles north of 
Boghaditza the same limestone is again elevated and broken by the protrusion of 
a small mass of igneous rock resembling a fine-grained granite. 

The largest mass of trachytic rocks in the valley of the Macestus, commences 
on the south of Boghaditza (Pl. III. Sec. 1), and extends thence to the foot of the 
Demirji chain. The northern part of this trachytic mass is of a greenish colour, 
resembling that of the Bosphorus*. It contains veins of chalcedony, and is ac- 
companied with a trachytic conglomerate. In one place, a large mass of contorted, 
calcareous, thinly laminated mar] is caught up in the conglomerate. Further south, 
this trachyte varies in colour from white to green and red, and is mixed with an 
angular conglomerate, which often presents a stratified appearance. On the east 
of Singerli is a mass of porphyritic trachyte, with crystals of white glassy felspar 
and hornblende in a reddish brown matrix ; and it much resembles the trachyte 
of Smyrna. It flowed in a coulée from the hills to the S.E. 

The hot springs of Ilijah, described at p. 20, rise in these porphyritic rocks, 
which extend about eight or ten miles to the east of Singerli. 

(e.) On the south side of the ridge of schistose rocks, between Azani and Ghiediz 
(PI. III. Sec. 4), is an outburst of trachyte reposing on pumiceous sand and ashes. 


* See Geol. Trans., vol. v. p. 388. 
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Further down, on approaching Ghiediz, several masses of igneous rock jut out 
amidst the lacustrine limestone. ‘The most remarkable case appears at Ghiediz. 
(PL. IIL, Sec. 4 and 9, Sketch 10.) This singularly situated town lies in a deep ra- 
vine, furrowed in the lacustrine limestone. On the lower side, the ravine is blocked 
up by a conical rock of compact and amygdaloidal basalt, containing green earth 
and augite, about 150 feet high, and riven to its base by.a deep and gloomy 
fissure, the width of which, at the bottom, does not exceed two yards. This fissure 
affords an exit for the rivulet which descends the valley, and which would other- 
wise form a lake on the spot where the town stands. 

On the north side, this basaltic mass has sent forth a coulée of columnar, amyg- 
daloidal basalt about ten feet thick, resting conformably on beds of sand and 
gravel containing rolled pebbles of trachyte. (See Sec. 4 and 9.) This basaltic 
coulée may belong to a more recent period. 

We regret, that our short stay at Ghiediz prevented our determining the 
relations of this volcanic mass to the surrounding lacustrine limestone. It is 
probably posterior to the lacustrine strata, for the latter contain no traces of vol- 
canic matter. The beds of sand and gravel underlying the coulée were perhaps a 
local alluvium of the same date as the great lacustrine formations*. 

(f.) Trachytic rocks of Gunay (lat. 38° 53') (Pl. III. fig. 4).—These rise in the 
midst of the hills of secondary sandstone between Ghiediz and Hushak, about eight 
miles south of the Hermus. On the east side of the village of Gunay are some sin- 
gular varieties of volcanic opal or pitchstone; and on the west is a well-defined 
coulée of grey trachyte with large crystals of felspar, which has flowed from the 
focus of eruption above, down a small valley in the sandstone hills. 

(g.) Trachytic hills east of Takmak (lat. 38° 26', long. 29° 8').—This is a con- 
siderable cluster of abrupt conical hills standing at the western extremity of the 
plain of Hushak, and visible from the eastward at a great distance. We passed 
through them in going from Gobék to Takmak. ‘This eruption of volcanic matter 
must have taken place anterior to the lacustrine formation of Hushak, for the 
gravel beds of that deposit, which abut against these hills on the east side, contain 
many boulders of trachyte mixed with pebbles of schistose rocks. 

The hills are chiefly composed of trachyte of various colours, occurring either 
en masse or in angular fragments imbedded in a tufaceous paste. About four 
miles west of Karadja Achmet Kieui, is a patch of stratified mar!, sandstone and 
clay, enveloped and surrounded by the trachytic rocks. The beds are altered into 
the condition of quartz rock and Lydian stone. 

(h.) The Catacecaumene (lat. 28° 30').—The volcanic phenomena from which this 

* In the Sections and Sketches, Pl. III., we have thought it best to colour this basaltic mass like the 
basalt of the first period in the Catacecaumene. 
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district derives its name, belong to a more recent epoch, and will be fully described 
in a subsequent part of this paper ; but there are also igneous rocks of a different 
character and older date, which require to be noticed here. They occur in the 
northern part of the basin, from eight to sixteen miles north of Selendi, on the 
road to Simaul (Pl. III. Sec. 6), and consist of masses of trachytic rocks jutting 
out in the bottoms of the ravines, beneath the lacustrine formation. It was before 
stated (p. 18), that the lower portion of the lacustrine beds, in this part of the 
basin, consists of tufaceous deposits, which are doubtless connected in their origin 
with these trachytic eruptions. In some cases, the tufaceous beds have been 
broken up by the igneous rock ; but in the only instance (thirteen miles north of 
Selendi) where the superincumbent limestone was seen in contact with trap, its. 
stratification remained undisturbed ; and therefore it is probable, that these erup- 
tions were anterior to its deposition. 

Between the ninth and tenth miles from Selendi, the tufa rests upon protruded 
masses of decomposing syenitic trap with a nearly vertical cleavage, and half a 
mile lower down, at the junction of two valleys, is a mass of trachytic conglomerate, 
with a solid trappean nucleus. Igneous rocks again rise from beneath the tufa at 
the eighth mile from Selendi, and have assumed, in consequence of decomposition, 
a great variety of colours. 

(i.) About eight miles from Adala, on the road to Koola, is a small isolated hill 
of grey trachyte. It rises in the vale of Lydia, at the foot of the schistose moun- 
tains which form the north boundary of the valley of the Cogamus. A section, 
formed by a watercourse, shows that this trachyte is older than the platform of 
lacustrine gravel which reposes against it. 

(k.) Trachytic rocks of Smyrna.—These extensive masses of igneous matter, which 
- break up and overlie the lacustrine deposits of the Smyrna basin, are described at 
length in a memoir specially devoted to the geology of that district. (Vol. v. pp. 
396, 401.) 

(l.) Fouges, anc. Phocea (lat. 38° 40').—Igneous rocks, which have assumed a 
great variety of character, porphyritic, trappean and trachytic, form the chief ingre- 
dient of the hills which rise to the north of the little harbour of Fouges. They are 
associated with, and overlaid by various beds of tufaceous and pumiceous sands, 
which have sometimes assumed the hard, semi-vitrified character of the trachytic 
rocks themselves, and from which they can be scarcely distinguished. These beds 
all dip towards the south, and sometimes contain numerous cavities, which are 
either filled or coated with mammellary concretions of chalcedony. 

(m.) Ritri, anc. Erythre (lat. 38° 18').—The Acropolis of Erythre is situated upon 
an insulated peak of red trachyte, which rises abruptly to the height of two or three 
hundred feet, and although perfectly crystalline like that in the neighbourhood of 
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Smyrna, it has the appearance of being stratified, and dips to the north. In its range 
towards the north, the colour passes from red to grey : and the appearance of stra- 
tification is marked partly by colour and partly by cleavage: The trachyte is in 
contact with the blue marble, which it has elevated and shattered. 

(n.) Boodroom, anc. Halicarnassus (lat. 37°).—About five miles to the S.W. of 
Boodroom is a lofty conical hill called Chifoot Kaleh, or Jew’s Castle, nearly 1000 
feet high, which rises directly from the sea. It consists of a reddish felspathic 
trachyte. The greater part of the promontory of Karabaghla, to the west of it, is 
composed of the same rock, as well as the islets of the coast. The hills between 
Chifoot Kaleh and Boodroom consist chiefly, if not entirely, of trachytic and 
pumiceous conglomerate, and horizontally stratified beds of volcanic sand, the 
contained fragments being generally angular, and varying in size and character. 


§ 4. Modern Volcanic Rocks. 
(Pl. Ii. and Pl. III., Sec. 4, 6 to 9, and also Sketches 10 to 13.) 


The only part of Western Asia Minor where phenomena strictly analogous to 
those of active volcanos are exhibited, is in that district of Lydia known anciently 
by the name of Catacecaumene, or the Burnt Country*. (See Map, Pl. II.) We 
_ term these volcanic products modern, from the relation they bear to the other for- 
mations of the country ; but it is certain that, compared with human history, their 
antiquity must be very great. No record of the activity of these volcanos existed 
in the time of Strabo, who however rightly infers their igneous origin from the 
phenomena which they present. Indeed, these phenomena are so striking as to 
excite the attention of every beholder, and feed the superstition of the ignorant ; 
and we accordingly find, that the ancient inhabitants laid the scene of Typhon’s 
exploits in this region, while the modern Turks refer these mounds of cinders to 
the agency of Sheitan. 

The Catacecaumene is described in a previous part of this paper (p. 18), as a 
tertiary lacustrine basin, surrounded by hills of schistose rocks. It is drained by 
the Hermus, which escapes at Adala through a narrow gorge in the schistose for- 
mation, the closing of which to a sufficient height would again convert the upper 
country into a lake. Numerous volcanic eruptions have taken place among the 
older rocks, which formed the southern margin of the basin; and streams of lava, 
flowing from these foci, have overspread the lacustrine deposits. 


* Strabo has considerably overrated the extent of this volcanic district, in giving it a length of 500 
stadia, and a breadth of 400. Its real length is about eighteen or nineteen miles, and its breadth seven 
or eight, if we do not include the lava-stream which has flowed down the valley of the Hermus to Adala, 
which would increase the length to about ten miles more. 
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The outbursts of volcanic matter appear to be referable to three great periods. 
How long may have been their duration, or how long the intervals of repose be- 
tween each, is buried in the tomb of time. All that we can now assert, is, that 
long intervals must have passed between each period of eruption; and that the 
latest eruption occurred antecedently to the commencement of traditional or au- 
thentic history. 

The oldest series of eruptions took place at a time, when the bed of the lake pre- 
sented a nearly level and unbroken surface, and before the first commencement 
of the excavation of the present valleys ; for the basaltic rocks of that period in- 
variably form the capping of the vast horizontal plateaux of tertiary lacustrine lime- 
stone. These eruptions could not have occurred long before the drainage of the 
lake ; for if they had, we should find sedimentary deposits overlying the volcanic 
rocks, which is not the case ; nor could they have occurred long after that event, 
for the valleys of denudation were not then formed. The eruptions of the second 
period were subsequent to the drainage of the lake, and to the excavation of deep © 
valleys in the lacustrine deposits. Those of the third period are still more recent, 
and are distinguished by their entire identity of character with volcanos now in 
action. We will describe the localities and phenomena of these three classes of 
volcanic rocks in the order of their antiquity. 
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Section of columnar Basalt (for description, see next page). 
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lst period.—A mass of basalt of the first period caps the platform of lacustrine 
limestone on the north side of the Hermus for a distance of several miles, and may 
be seen in the distance in the sketch (Pl. III. fig. 11). The greater part of it splits 
into irregularly wedge-shaped masses ; but in a hollow on the south side, there is 
a fine section of columnar basalt, divided into two beds. In the lower, the columns 
are uniformly perpendicular ; but in the upper bed they diverge to each side with 
a slight curve, as seen in the accompanying wood-cut in the preceding page. 

This vast tabular mass of basalt is here above 100 feet thick, but in general it 
does not much exceed 50 feet. A bed of soft sand intervenes in some places be- 
tween the limestone and the basalt, but the junction-beds are in ap obscured 
by a talus of basaltic fragments. 

The summit of this basaltic plateau is about 800 feet above the bed of the Her- 
mus, proving the vast amount of denudation which has taken place since the pe- 
riod of its eruption. The source from which the basalt has flowed is no longer 
apparent. 

On the S.W. of this plateau, and on the opposite side of the Hermus, is a small 
insulated hill of horizontal limestone, also capped by basalt at the same level. Its 
base is encircled by streams of lava of the 2nd and 3rd periods, which have flowed 

since the excavation of the valleys. The limestone at the base of the hill has un- 
_ dergone alteration, and is converted into a yellow jasperine substance with a bright, 
conchoidal fracture (PI. II.). 

About five miles east by south from Koola, close to the foot of the schistose 
hills which skirt the lacustrine basin, is a small plateau of imperfectly columnar 
basalt, which is referable to the Ist period. It is seen in the foreground of the 
sketch (Pl. IT]. fig. 11). The lacustrine beds on which the basalt reposes, being 
near their junction with the older rocks, consist, in this place, of gravel and sand, 
derived from the schistose formation (Pl. II. and Pl. III., Sect. 8). 

On the south side of the Hermus, about five miles N.N.W. from Koola, is an- 
other large insulated plateau of basalt, reposing on the lacustrine formation (PI. II.). 

2nd period.—To the second period of volcanic action, we refer the numerous 
conical hills of scoriz and ashes, which cover the schistose ridges on the south of 
the lacustrine formation. The range of mica-schist and marble, which runs from 
east to west on the south of Koola*, sends off three nearly parallel ridges towards 
the north, and may therefore be compared to the letter E. (Pl. II.) The volcanic 
cones of the second period are scattered along this principal ridge and its three 
lateral branches, and many streams of lava may be traced flowing from them, 


* These schistose hills form part of the northern base of the Tmolus range. 
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and descending the valleys of denudation in the lacustrine formation towards the 
Hermus. 

The volcanic products of this period are distinguished by the smoothness of 
their outlines, and by the vegetation which clothes their surface. The cones of 
scoriz are all low and flat, rising at an angle of about 20°; their craters have either 
disappeared, or are marked by only small central depressions, and all their asperities 
seem to have been smoothed down by time. The scoriz which form them are suffi- 
ciently decomposed to admit of cultivation, and they are almost invariably covered 
with vineyards, producing the Catacecaumene wine, celebrated from the time of 
Strabo to the present day*. The streams of lava which have flowed from them, 
are level on the surface and covered with turf. The cones of this period are about 
thirty in number, and their position is indicated on the map (Pl. II.). We pro- 
ceed to describe some of the more important examples. 

On the most eastern of the three schistose ridges above-mentioned, are two co- 
nical hills of considerable magnitude, which are exhibited in the middle of the 
sketch, No. 11. (See also Section, No. 7.) Remains of a crater are very evident 
on one of these hills. A broad coulée of lava has flowed from each of them towards 
the north, and uniting has formed a plain about 200 feet above the Hermus, which 
has cut a passage through the northern extremity of the lava and the subjacent 
beds. This coulée is overlaid by a stream of lava of the third period, which 
will be afterwards described. ; 

A great number of volcanic cones rise on the top of the central schistose ridge 
on the west of the plain of Koola (Sketch 12, Sec. 7). Most of them have a slight 
crateriform depression on their summits. Two or three of these cones, which stand 
at the eastern foot of the ridge, are partly surrounded by lava of the third period, 
flowing from Karadewit ; and the coulées which descend from them towards the 
Hermus are overlaid in some places by lava of the same age. 

The most western of the three schistose ridges, near the village of Megné 
(Sect. 7), is also covered with mounds of scoriz, most of them destitute of lava- 
streams ; but where these exist, they follow the slope of the country towards the 
north. On the eastern side of the ridge, near the summit, are some stratified beds 
of volcanic sand and ashes, sloping away from one of the cones. 

About six miles N.W. from Megné, on the north side of a table-land of Jacus- 
trine limestone, is a stream of basaltic lava, which descends nearly to the Hermus. 
Its lower part is black and vesicular, but it becomes redder and more scoriaceous 
higher up. The crater from which it has flowed is not apparent. (See Map, PI. IL.) 


* Of the fertility of many volcanic soils, when sufficiently decomposed, we see proofs in the vineyards 
of Vesuvius, Ischia, the Euganean Hills, &e. 
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3rd period.—The volcanic cones of both the second and third periods have been 
poured forth since the excavation of the valleys in the lacustrine formation ; but 
their diversity, in point of age, is marked no less by the order of superposition 
than by the great difference in their state of preservation. The cones of the 
second period were described as being low and rounded in form, and covered with 
vegetation. Those of the third period, on the contrary, have all the features of vol- 
canos now in action. They rise at an angle of 30° or 32°, and the ashes and 
scoriz which compose them, are so loose as to render the ascent laborious. A few 
straggling shrubs and plants are the only vegetation which they produce ; and the 
lava which has flowed from them, is as rugged and barren as the latest products of 
Etna or Vesuvius. . 

The volcanos of this third period are only three in number, and are nearly equal 
in size (Pl. II. and Pl. III. Sec. 7). They stand in a nearly straight line from W. 
by N. to E. by S., and at the distance of about six miles from each other*. It is 
remarkable, that each of them rises in the centre of one of the small alluvial plains 
which alternate with the three schistose ridges before-described, therein differing 
from the cones of the second period, all of which stand upon or near those ridges. 
We will describe them in the order in which they stand in the Section, No. 7. 

The easternmost of these three cones is about a mile and a half N.N.E. of the 
town of Koola. Nothing can be more striking than the appearance of this town 
as viewed from the schistose ridge to the eastward. ‘See Pl. IL., Pl. IIL, sketch 
No. 12; also No. 11.) On the right of the sketch, No. 12, is the cone of scoriz 
and ashes, about 520 feet in height, denominated by the Turks Kara-dewit, or the 
‘* Black inkstand.” An immense sea of black and rugged lava has flowed from its 
base, and spread over the surrounding plain. This eruption has formed a dam 
across the valley of Koola, and by stopping the natural drainage, has caused a 
marsh, which in wet weather is increased into a lake. To avoid the risk of in- 
undation from this source, the town of Koola has been built upon the extremity of 
the lava-current, and is thus raised 15 or 20 feet above the plain. 

The cone of Karadewit consists of scoriz and ashes, principally of a reddish co- 
lour. Onits north side is a small but very well-preserved crater ; and a vast number 
of small conical hillocks of scoriz have been thrown up amidst the lava which 
surrounds its northern base. The lava from this volcano flowed southward as far 
as Koola; but the larger portion of it descended in a northerly direction to the 
Hermus, which river has evidently been diverted from its course, and now makes 


* These three craters are evidently alluded to by Strabo in his description of the Catacecaumene :— 
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a circuit round the north extremity of an overhanging cliff of lava nearly -50 
feet high. The lava is vesicular-and scoriaceous in the upper part, for about 6 
or 7 feet. The next 20 feet are irregularly columnar, which structure gradually 
disappears in the lower part of the bed. The marls and limestones on the opposite 
or N.E. side of the river have been here much altered by their contact with the 
igneous rock, having been converted, in many places, into a yellow jasper-like 
substance, with a shining lustre and conchoidal fracture. 

This lava encircles the base of several cones of the second period, and overlies 
the older coulées which they have sent forth (Pl. II.). In one place, 23 miles N.N.E. - 
from Karadewit, a narrow stream of lava has diverged to the east from the general 
mass, through a lateral valley in the schistose range, and has spread over the 
coulée from the easternmost cones of the second period before-described. The 
contrast between the lava-streams of the two periods is most striking. 

The second of these recent volcanic cones rises in the plain between Sandal and 
Megné*, and is also called Karadewit (Pl. II. and Pl. III., Sec. 7). This hill consists 
of scoriz and ashes resting on a more solid crust of red scoriaceous rock. The crater 
is quite perfect, and from 150 to 200 feet deep, the bottom being choked with large 
stones which have rolled down its sides. Many considerable caverns and hollows 
exist in the scoriaceous rock. The summit consists of a very narrow ridge surround- 
ing the crater. A few small pine-trees grow on the sides of this cone, which, on the 
whole, bears more vegetation than the Karadewit of Koola. A stream of lava has 
issued from the west foot of the cone, and flowed northwards for about five miles 
to the Hermus ; and a small crater, about a mile to the west of the great one, has 
sent forth a narrow coulée which soon joins the general mass. There is also a low 
flat cone to the south-east, apparently belonging to the 2nd period, from the crater 
of which a small stream of lava, about half a mile in length, has been poured 
forth, apparently at the same time as the eruption from the large cone. This lava 
is remarkable from having flowed over the margin of the crater, instead of bursting 
through the sides, like all the other lava-streams in the district. This is probably 
owing to its having flowed from the crater of an older and therefore more consoli- 
dated cone ; whereas the recent cones, being formed of loose scoriz and ashes, and 
much higher, were unable to support the mass of heated lava until it should over- 
flow at the summit, and therefore yielded at their bases a passage for the lava. 

The third or most western of the three great cones is called by the Turks Ka- 
plan Alan (PI. IL. and Pl. IfI., Sec. 7). It is surrounded on all sides for more than 
a mile by the black and rugged lavas, which have flowed from its base, and render 


* Near the centre of the plain of Megné a well has been sunk through the alluvial soil to the mica- 
ceous schist below. 
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the approach laborious. The cone itself is more clothed with vegetation than 
either of the other two, though it does not yield to them in the steepness of its 
sides, and the general freshness of its appearance. It possesses a very perfect 
crater, between 300 and 400 feet deep, surrounded by a ridge only ten or twelve 
feet wide at the top, and about half a mile in circumference. 

On the north-west side of the great cone, a small one about half its height has 
been thrown up, with a regularly formed crater, but no lava appears to have flowed 
from it. On the west, several other small cones of scoriz have been formed 
amongst the lava. 

The lava from Kaplan Alan has chiefly issued from the east side, whence, 
spreading round both flanks of the cone, the two streams again united, and 
flowed down the plain to the west for about three miles ; then turning south-west 
the stream descended a narrow valley for several miles, parallel to the Hermus, 
from which it is separated by a ridge of lacustrine limestone. At length, finding 
an opening into the valley of the Hermus, it foilowed the bed of that river along 
the narrow gorge in the schistose hills, whence, issuing at Adala, it spread for 
about a mile over the plain of Sardis, and at length terminated at the distance of 
at least thirteen miles from its source*. We were able to examine closely only 
the two extremities of this remarkable coulée, and we recommend the future geo- 
logist to follow its entire course from Kaplan Alan to Adala, as likely to afford 
him some interesting examples of the action of the river upon the lava. 

The appearance of this rugged mass of lava, issuing from a narrow gorge in the 
schistose hills, and spreading over the fertile plain at Adala, is very striking. Half a 
mile above the town is the remarkable scene exhibited in the sketch No. 13 (Pl. IIL.). 
It appears that the Hermus, when its course was first impeded by the lava, was 
compelled to flow over the top of the coulée, the cavities of which have here been 
filled by river-worn gravel, forming a stratum on the surface of the lava. In 
course of time, the river has effected a passage between the mica-schist and the 
lava, and has denuded both rocks to a great depth. It now flows at the base of a 
cliff of compact lava about eighty feet high, imperfectly columnar in its lower part 
and scoriaceous above. Higher up in the gorge, the river has cut a channel com- 
pletely through the coulée of lava, and changed its course from the right side to 
the left. Such are the effects which this river has produced in the lapse of ages. 
Yet so compact is the substance of the lava, that those parts of the coulée, which 
have escaped the action of the running water, are as rugged and naked as the latest 
eruptions of Vesuvius, and exhibit not the slightest tendency to decomposition. 


* It is remarkable that this is the precise length of the lava-stream of the Puy de Tartaret in Au- 
yergne, which has flowed down the narrow valley of the Couze to Nechers, in a manner strictly analogous 
to the case here described. See ‘ Scrope on Central France,’ p. 117. 

VOL. VI.—SECOND SERIES. F 


34 Mr. W. J. Hamitron and Mr. H. E. Srricxuann, on the Geology of 


It is evident from the phenomena here exhibited, that however recent may be 
the appearance of the lava-stream, and of the cone from which it flowed, a very 
high antiquity must in reality be assigned to them. It is certain, from historical 
testimony, that no volcanic eruption has taken place in this country for at least 
thirty centuries, and how many more may have been required to enable the Her- 
mus to denude the solid lava to the extent we now see, it is not easy to calculate. 
{t would not indeed be fair to assume, that the whole of the present channel of the 
river between the lava and the mica-schist has been excavated to the depth of 
eighty feet since the flowing of the lava; for the rounded margin of a coulée com- 
monly leaves a hollow between it and the pre-existing rock, which the river would 
naturally follow, and by undermining the columnar lava might produce a perpen- 
dicular cliff in less time than would at first sight be supposed. But when we find 
the river cutting across the coulée, and passing from one side of the lava to the 
other, we can assign no other satisfactory cause for this phenomenon than the me- 
chanical action of the river, operating during vast periods of time, and gradually 
wearing down its bed to its present level*. 


The freshness of appearance in the three great cones, the vast antiquity of which we 


have thus demonstrated, proves how small is the effect of atmospheric agency upon 
volcanic products, when unassisted by running water. Had these volcanos been 
ejected within the last ten years, the cones of scoriz could hardly have been more 
perfect, the craters better defined, or the streams of lava more black, rugged and 
barren. Nor is this difficult to explain, when we remember, that the lava and scorie 
in this region seem to have scarcely any tendency to chemical decomposition, and 
that the rain which falls on the cones, being instantly absorbed by their porous soil, 
exerts no other mechanical force than the mere impact of the drops in falling. 
These considerations render it difficult to explain the marked difference of appear- 


ance between the volcanic products of the second and of the third periods, on the ° 


mere assumption of a difference in their ages. It appears to us that a tenfold 
greater period of time, than has already elapsed since the ejection of the volcanos of 
the third period, would barely suffice to reduce them by atmospheric agency alone 
to the smooth and rounded forms presented by the cones of the second period; but 


* The above observations, respecting the agency of running water in cutting through the lava-stream, 
are Mr. Strickland’s. In justice to himself, Mr. Hamilton is obliged to state that he does not agree with 
the opinion, that the cutting across the coulée and the formation of the cliff are at all owing to the effect 
of running water acting upon the adamantine basalt. The very circumstance of the perpendicularity of 
the sides is an argument against it. He is rather inclined to attribute it to the fall of the basaltic masses 
in consequence of their having been undermined by the waters, the operation of which cause may have 
been hastened by fissures and crevices produced by the numerous earthquakes to which this country has 
at all times been exposed.—W. J. H. 
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if we suppose the latter to have been submerged beneath a body of water, either at 
the time of their ejection or subsequently, the explanation will be more easy. The 
action of water would soon obliterate all the sharp features of these mounds of 
ashes, and by filling up the cavities in the lava-streams with transported matter, 
would form that smooth and fertile surface which they now present. It is true 
that this explanation is not without its difficulties. The lake which existed here, 
before the basalt of the first period was poured forth, had long been drained, and 
deep valleys of denudation had been excavated in its bed, before the second period 
of volcanic eruption commenced. In order that the valley might be reoccupied 
with water to a sufficient elevation to cover the tops of the volcanic cones, the 
gorge at Adala would require to be blocked up to a height of perhaps 2000 feet, 
and the sojourn of this supposed mass of water must have been very transient, as 
we find no regular sedimentary deposits of any importance which can be assigned 
to it. Such a supposition involves an extensive flight into the region of conjecture, 
and many geologists would probably prefer explaining the wasted condition of 
these volcanic mounds, by means of ordinary atmospheric causes acting through 
an immense period of time*. 

We have before alluded to the singular fact, that all the cones of the second period 
rise out of the ridge of schist and marble on the south of Koola, and its three lateral 
oftsets (p. 29) ; while the three volcanos of more recent date occur in the plains which 
intervene between the several ridges (p. 31). This phenomenon may perhaps be 
accounted for by supposing, that several cracks and fissures were produced in the 
schistose ridges at the time of their elevation, through which the igneous products 
at first found vent ; that in process of time, lavas having been injected into all the 
fissures and become cooled, the whole mass was rendered more compact than it was 
before ; and therefore that when, at a later period, volcanic forces were again in 
action, the points of least resistance would be in the plains which intervened 
between the consolidated ridges, where the new eruptions would consequently take 
place. 

It may be doubted whether the older series of eruptions supplied the forces 
which elevated the ridges themselves. The stratification of the latter is very 
irregular, and seems not to possess an anticlinal arrangement. Moreover, the un- 
disturbed horizontality of the lacustrine beds in the vicinity, is scarcely compatible 
with any great subsequent disturbance of the schistose rocks. 


* It may assist conjecture as to the relative and perhaps also the absolute antiquity of the three sets 
of volcanic eruptions above mentioned, if we remind the reader that the valleys have been denuded to 
the depth of 800 feet since the first period of eruption, of 200 feet since the second, and 80 feet since 
the third. The different density of the materials acted on in each case must of course be taken into 
the account. 3 
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Mineralogy.—To the mineralogist the Catacecaumene presents rather a barren 
field. The scoriz and lava are of ordinary character ; the latter contains olivine 
and augite, but no other crystalline minerals were observed. 

Thermal springs.—In a valley about a mile north of the Hermus, and six miles 
N.N.E. of Koola, are some remarkably copious hot springs, rising in the lower beds 
of the lacustrine limestone. The water is perfectly tasteless, and forms no deposit 
or sediment whatever. ‘The thermometer rose at the lowest spring to 123° Fahr. 
A short way to the east, in the centre of the ruins of an undetermined ancient city, 
are two other sources, at which the thermometer rose respectively to 133° and 137°. 
They rise out of a crevice in the calcareous tufa, and exhibit a slight development 
of sulphuretted hydrogen gas. 


Comparison of the Catacecaumene with Auvergne. 


No well-informed geologist can fail to be struck with the numerous and remark- 
able analogies between the Catacecaumene and the volcanic district of Central 
France, so elaborately described by Messrs. Scrope, Lyell, Murchison, &c. We 
will here present, in a tabular form, a few of the chief points of resemblance be- 
tween the two districts. Some of these analogies may perhaps be only accidental 
coincidences, but the majority of them afford instructive examples of the univer- 
sality of Nature’s laws, whereby similar causes produce similar effects, even in the 
most distant regions. 


Points of agreement between the Catacecaumene and Auvergne. 


EXAMPLES. 
Catacecaumene. Auvergne. 

1. In both eases, clusters of extinct voleanos occur in the in- 
terior of continental tracts, remote from the sea. 

2. They are referable to several distinct periods, all subsequent |Three periods. Numerous success- 
to the commencement of the tertiary epoch. ive periods. 

3. They rise out of rocks apparently of the primary epoch. Mica-schist. Granite. 

4. The direction of the voleanic zone coincides with the strike of |E. by S. to W. by|N.to S.andN.N.W. 
the older rocks through which it is ejected. N. to S.S.E. 

5. The voleanos rise near the margin of a tertiary lacustrine Basin of the Cata-|Limagne d’Au- 
basin, which they have partially overspread with basalt and| cecaumene. verge. 
lava. 

6. Eruptions of an early date have poured forth basalt over the Basaltie plateaux|PlateauofChateau- 


lacustrine deposits, prior to their denudation. N.E. of Koola. | gay, Gergovia, &e. 


~I 


. Extensive valleys of denudation have been excavated in the Ja- | Valleys of the Her-|Valleys of the Al- 
custrine deposits, which now form tabular hills capped with; mus and Aineh-| lier and its tri- 
basalt. chay. butaries. 
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EXAMPLES. 


Catacecaumene. Auvergne. 


8. Eruptions of a later date have poured forth streams of lava,|Cones of the 2nd) Puyde Nugére, La 


which have flowed down the valleys of denudation. and 3rd periods.|_ Wache, Grave- 
nere, &c. 
9. These eruptions have in some cases stopped the drainage of| Marsh near Koola.| Lakes of Aidat and 
the valleys and produced lakes. Chambon. 
10. These newer streams of lava have been deeply excavated by | Gorge above Ada-|Lava of Pont Gi- 
the action of rivers now flowing. la. baud, Jaujac, &c. 


11. The more recent volcanos, though extinct from the earliest} The two Karade-|Puy de  Pariou, 
historic times, present all the sharpness of outline and barren-| wits and Kaplan| Come,LaVache, 
ness of surface incident to voleanos now in action. Alan. &e., &e. 

12. Thermal springs rise in the vicinity of the volcanic rocks. | Springs six miles} Mont Dor, St. Nec- 

N.N.E.ofKoola.|  taire, &c. 


GENERAL CONCLUSION. 


It would be rash, without much more extended observations on other parts of 
Asia Minor not visited by us, to attempt any generalization or theory on the suc- 
cessive formations of the different groups and systems of rocks in the Western part 
of Asia Minor. Most of those which have occurred to us as safe, in the present 
imperfect state of our knowledge and the scarcity of organic remains, have been 
‘introduced into the foregoing pages. There are however a few remarks which 
result from the observations on the coast of [onia and Caria, which we think may 
with propriety be noticed here. 

1. That the scaglia, or compact, white Alpine limestone, is more abundant in 
Rhodes and the southern parts of Asia Minor than in the northern or central di- 
stricts of the peninsula. It is the same formation which constitutes the principal 
mass of the range of Mount Taurus, of which it may be considered as the western 
prolongation. Judging from the Nummulites found in it near Adalia, and at Dee- 
nair, near the source of the Mander, it appears to be the same group, which ex- 
tends through the Morea into the Ionian Islands. 

2. The micaceous schist and saccharine marble, which are so extensively deve- 
loped in the mountain-chains extending through the central parts of Asia Minor, 
as Mount Tmolus, Gallesus, Messogis, and along the coast of Ionia, gradually dis- 
appear towards the south, where they are replaced by the scaglia formation*. 

3. The igneous and volcanic rocks, which in the central and northern parts 


* The peninsula of Asia Minor may therefore be regarded as one vast axis of schistose rocks, fanked 
on the south by the Cretaceous System.—H. E. S. 
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of Asia Minor are found almost universally distributed, become extremely rare 
towards the south. 

4. Trachytic or other igneous rocks are frequently found associated with the 
crystalline marbles, as at Erythre and Boodroom, along the coast; and at Cy- 
zicus and in the Catacecaumene, in the interior. But in the absence of organic 
remains, it is impossible to decide whether these marbles may not have had the 
same origin as the scaglia, and have been altered and crystallized by their proximity 
to the foci of igneous eruptions ; or whether the volcanic outbursts have not raised 
to the surface, formations of a former period, and from a greater depth, in the im- 
mediate neighbourhood of their elevation*. 

We will conclude this imperfect contribution to the geology of Western Asia 
Minor by comparing some of its more remarkable features with those portions of 
North-western Europe which have been most carefully explored. It will be seen 
that, notwithstanding the close analogy which we have shown to exist between 
some of the most recent geological phenomena of these two portions of the world, 
yet on the whole the geology of Asia Minor is more remarkable for its contrast 
than for its resemblance to that of Northern Europe. These discrepancies do not 
indeed affect those general principles of the science, which, established on the in- 
ductions afforded by our own and the neighbouring countries, have since been 
found to prevail throughout the world. Thus, the crystallized condition of the 
older sedimentary rocks,—their elevation on either side of granitic axes,—the dis- 
ruption and alteration of strata by igneous injections,—the parallelism of mountain- 
chains within limited districts,—the absence of organic remains in the older strata, 
—their gradual approach to existing forms as we descend the chronological scale, 
—even the want of continuity between the secondary and tertiary series of depo- 
sits,—all these phenomena of Northern Europe find their counterpart in the region 
here described. But when we enter into greater detail, we shall find that Asia 
Minor, while it agrees in many respects with the geological types afforded by 
Greece, Italy, Spain, and the whole circuit of the Mediterranean as far as it is 
known, differs no less from those parts of Europe which lie to the north of the Alps 
and Pyrenees, For the sake of brevity and perspicuity we will recur to the tabular 
form in exhibiting these points of disagreement. 


* Mr. Strickland is however of opinion, that the mica-schists and saccharine marbles constitute a di- 
stinct and well-marked formation, long anterior in age to the Scaglia. He considers it as an hypogene 
rock, which owes its present metamorphic character to causes far more extensive and deeper-seated than 
the volcanic eruptions which appear on the surface. He grounds this opinion on the constancy of cha- 
racter in this rock, whether in the vicinity of trachyte or otherwise ; and on the fact, that the alterations 
produced in the tertiary beds by the injected trachyte, are very limited in extent and frequently imper- 
ceptible.—H. E. S. 
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In Western Asia Minor, In North-western Europe, 

1. The oldest organic remains belong to the cre- | 1. An immense series of fossiliferous strata under- 
taceous system*. lies the cretaceous system. 

2. The limestones and shales of the cretaceous sy- | 2. The limestones and shales younger than the car- 
stem are compact, and sometimes semi-crystal- | boniferous system are soft and earthy. 
line. 

3. The mountain-chains have been elevated at the | 3. The loftier mountain-chains have been elevated 
close of the secondary period. chiefly in the transition or early part of the se- 


condary period. 
4. The igneous rocks are chiefly of the tertiary pe- | 4. The igneous rocks are chiefly of the secondary 
riod. period t. 


It may become a question for the speculative geologist, whether all these discre- 
pancies may not be resolved into a mere difference in the dates at which a similar 
train of events occurred in both these regions. Thus, if we assume that a series of 
vast subterranean commotions, accompanied by the exhibition of intense heat, has 
taken place in both countries,—obliterating the organic remains in the lower strata, 
and indurating the substance of the upper ones, elevating mountain-chains and 
setting in action a long train of volcanic operations,—we have only to suppose that 
in Asia Minor this period of subterranean energy occurred at the close of the 
secondary epoch, and in Northern Europe at its commencement; and the chief geo- 
logical differences between the two countries may perhaps be explained without 
much difficulty. 


* The Silurian rocks of the Bosphorus have been shown to belong to a distinct geological region. 


See note, p. 4. 
+ Auvergne and the Eifel form, we believe, the only exceptions to this proposition. 
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IT.—Description of some Fossil Remains of Cheropotamus, Paleotherium, 
Anoplotherium, and Dichobunes, from the Eocene Formation, Isle of 
Wight. 


By RICHARD OWEN, Esa., F.G.S., F.R.S. 


[Read November 7, 1838, ] 


Prats IV. 


THAT the freshwater strata of the Eocene formation in the Isle of Wight were 
once trodden by Pachydermatous quadrupeds, belonging to some of the extinct 
genera established by Cuvier from the fossils of the corresponding strata of the 
Paris basin, is so well-established a fact, that some apology may seem necessary 
for laying before the Geological Society additional evidence of the existence in 
the above strata of such fossils, after the discovery of the remains of Paleotherium 
and Anoplotherium already made by Mr. Allan* and Mr. Prattt. 

Having, however, been favoured by the Rev. W. Darwin Fox with some fossil 
remains from Binstead and Sea-field quarries, Isle of Wight, apparently more nu- 
merous and better preserved than those which have hitherto been discovered in 
that locality, they seemed to possess sufficient interest to justify the present com- 
munication, as they establish not only the fact of the existence of more than one 
species of both Palgotherium and Anoplotherium, but likewise of the Cheropotamus 
Cuvierit, hitherto known only by Cuvier’s description of very imperfect fragments 
discovered in the gypsum quarries of Montmartre and Villejuif. 

The specimen of Cheropotamus, in Mr. Fox’s collection, is the right ramus of 
the lower jaw, wanting only a small portion of the symphysis and the tip of the 
coronoid process. PI. IV. fig. 1, la, and 2. 

‘All the teeth are present which belong to this portion of the lower jaw, except- 


* Dr. Buckland, in Annals of Philosophy, New Series, November 1825, vol. x. p. 360. 

+ Geological Transactions, 2nd Series, vol. iii. p. 451. 

t Cheropotamus Gypsorum, Desm., Cheropotamus Parisiensis, V. Meyer. The latter naturalist has 
founded, upon some fossil remains from the Molasse of Rappenfluhe and Georgensmiind, two other species 
of this genus, which he calls Cheropotamus Meissneri and Soemmeringii. See Die fossilen Zihne und 
Knochen von Georgensmiind, 4to, pp. 51-55, 1834. 
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ing the second spurious molar and the incisors, if they really exist in the genus: 
the canine (?) is broken in the socket. 

The fragments of the Cheropotamus which Cuvier* describes, consist of an in- 
complete base of the skull with six molar teeth on each side (PI. IV. fig. 3 and 
3a), and a small portion of a ramus of the lower jaw, with the canine (?) and two 
spurious molars. 

The form of the teeth and the flattened surface of the glenoid cavity, afford 
sufficient proof of the pachydermatous nature of the animal, and its close alliance 
to the genus Sus. But the breadth of the glenoid cavity and the expansion of. 
the zygomatic arches are greater than in any known species of Hog ; the Peccari 
(Dicotyles) in these respects, as in the dental details, especially in the proportion 
and direction of its canine teeth, approaches nearest to the fossil. 

Now the points in which the Cuvierian fossils prove that the Cheropotamus 
deviates from the Peccari, are those which indicate a nearer approximation in 
the extinct genus to the carnivorous type ; and it is of great interest to find that 
the ramus of the jaw, so fortunately extracted in an almost entire state from the 
Isle of Wight strata, exhibits a structure, in the prolongation backwards of the 
angle of the jaw, which has hitherto been found to characterize, almost ex- 
clusively, the carnivorous Mammalia. Certain it is that no known pachydermatous 
or other ungulate species of Mammal presents this conformation. ‘The figures (1, 
la, and 2, Pl. IV.) preclude the necessity of a detailed description of this process; it 
is more compressed and deeper than in the Bear, Dog or Cat tribe, and is not bent 
inwards in the way which peculiarly characterizes the marsupial jaws, and which so 
neatly distinguishes the Stonesfield Phascolothere. The condyloid process in the 
Cheropotamus is raised higher above the angle of the jaw than in the true Car- 
nivora, and it is less convex than in the Hog or Peccari. In the size of the 
coronoid process the Peccari exceeds the true Hogs ; and in that respect, as well 
as in the form and position of its canine teeth, makes a nearer approach to the car- 
nivorous type; but in the Cheropotamus the coronoid process is still more developed 
in correspondence with the greater bulk of the temporal muscle, the size of which is 
indicated by the span of the zygomatic arches. In the wavy outline of the in- 
ferior border of the lower jaw, the Peccari alone, amongst the Hog tribe, resembles 
the Cheropotamus. The two detached molars of the lower jaw described by 
Cuvier, and which he compares with the third and fourth molars of the Baby- 
roussa, are the fourth and fifth, or penultimate and antepenultimate molars, count- 
ing backwards, of the Cheropotanws, and correspond with the penultimate and 
antepenultimate grinders of the Peccari. The last molar of the lower jaw, in both 
the Peccari and Babyroussa, differs from the preceding in having two accessory, 


* Ossem. Fossiles, Ed. 1822, vol. iii. p. 260; Pl. Ixviiis li. 
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smaller and more closely approximated tubercles at the posterior part of the 
tooth, with a third small tubercle in the middle of the interspace between these 
and the next pair of tubercles. The Cuvierian fossils did not afford the means of 
making a comparison between the Cheropotamus and these species of the Hog 
tribe in this particular ; but in the present specimen we see that the last molar of 
the lower jaw of the Cheropotamus presents the same additional posterior tubercles 
as in the Peccari, and thus affords an additional corroboration of the view taken 
by Cuvier with regard to its affinities. The other teeth correspond in every re- 
spect with the descriptions and figures in the Ossemens Fossiles ; but the fossil here 
described yields another fact essential in characterizing the genus, and which the 
fragments in Cuvier’s possession were too imperfect to afford, viz. the exact num- 
ber of molar teeth in the lower jaw, which is twelve. Of these the three posterior 
teeth on each side are tuberculate, or true molars; and the three anterior ones 
are compressed and conical, or false molars ; the latter have each two roots, and 
are relatively larger than in the Hog tribe. The tooth anterior to the grinders, 
and which from its shape Cuvier regarded as a canine, is situated closer to the 
symphysis of the jaw than in any of the existing Suide ; but the Peccari, in this 
respect also, comes nearest to the Cheropotamus. The grinders, as in the Peccari, 
are narrower in the lower than the upper jaw. On the outer surface of the jaw, 
near its anterior extremity, the vascular foramina are numerous, as in the jaws of 
the Hog tribe*. . 

The occasional carnivorous propensities of the common Hog are well known ; 
and they correspond with the organization of this genus, which offers the near- 
est resemblance among the existing Pachyderms to the carnivorous type of struc- 
ture. In the extinct Cheropotamus we have another of those beautiful examples 
in Palzontology of links tending to complete a chain of affinities which the revolu- 
tions of the earth’s surface has interrupted, as it were, and for a time concealed 
from our view. It is interesting also to perceive that the living sub-genus of the 
Hog tribe which most resembles the Cheropotamus should be confined to the South 
American continent, where the Llama and Tapir, the nearest living analogues of 
the Anoplotherian and Paleotherian associates of the Cheropotamus, now exist, 
and which was formerly inhabited by a genus—Macrauchenia, which connects the 
Llama with the Palzotheret. 


* The dental formula of Cheropotamus may be thus expressed :— 


Dentes prim.? laniarii 3 molares spurii =; molares a3; molares spurii compressiusculi, conici 
molares veri quadrituberculati, postremi in maxilla inferiore sextuberculati. 

+ Seeing that the Ungulate Mammalia make the nearest approach to the Carnivora in the Hog tribe, 
we naturally inquire to which of the groups of the Ungulata do the aberrant Carnivoratend. Now the 
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The fossils referable to other extinct Pachydermatous genera in the collection 
transmitted to me by Mr. Fox, do not require any detailed description. The follow- 
ing is a list of those which were determined without any doubt :— 


Genus Anoplotherium, 
Sp. commune. Anterior spurious molar, left side, lower jaw. (PI. IV. fig. 5.) 


Sp. seeundarium. Second spurious molar, right side, lower jaw. (Pl. IV. fig. 4.) 
Genus Paleotherium, 


Sp. medium. Posterior molar, lower jaw. 
ditto. Portion of ditto, ditto. 
ditto. Posterior molar, upper jaw. 
ditto. Penultimate molar, upper jaw. (Pl. IV. fig. 6.) 
ditto. Antepenultimate molar, upper jaw. 
ditto. Anterior spurious molar. 
ditto. Crown of a canine. 
ditto. Complete incisor. 
crassum. Second molar, right side, lower jaw. 
curtum ? A molar tooth. 
minus. Right ramus of the lower jaw with six grinders*. 
ditto. Proximal end of the right radius. 
ditto. Shaft and distal end of right tibia. 
ditto. Portion of the base of the skull. 


Since examining the above collection I have seen the specimen from the Bin- 
stead quarries, now in the Museum of the Geological Society, conjectured by Mr. 
Pratt to belong to a species of Ruminantia closely allied to the genus Moschus. 
On comparing this fossil with the corresponding part of the Moschus moschiferus, 
which it resembles in size, I find that the grinders are relatively broader in the 
fossil, and that the last molar has the third or posterior tubercle distinctly divided 
into two by a middle longitudinal fissure, which is not the case in the Moschus. 
The grinding surface is less oblique in the fossil than in the Moschus or other Ru- 
minants ; and the form of the coronoid process of the lower jaw differs in a still 
greater degree than any of the above-mentioned particulars from that of the Mos- 
chus and other Ruminants, and strongly bespeaks the pachydermatous character of 
the fossil in question. 


plantigrade genus Arctonyx immediately suggests itself to the mind ; this genus is placed in the family 
of the Bears by Cuvier and Geoffroy St. Hilaire, the latter of whom also notices its points of resemblance 
to the Hog. Fischer sums up the characters of Arctonyx as follows: “ Rostrum suillum : oculi minuti: 
auricule breves : habitus et ungues Ursorum: cauda nudiuscula. Genus Feras inter Belluasque inter- 
medium.” —Synops. Mammal., p. 152. 

* This interesting fossil was discovered in the Sea-field quarry, Isle of Wight, and is now in the 
possession of Mr. Henry Beech. 
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Now the extinct Pachyderms of the Paris basin, besides revealing forms which, 
as in the case of the Cheropotamus, tend towards the ferine group of Mammalia, 
contain other genera, which, in the modifications of both their dental and locomo- 
tive organs, lead away in another direction, and almost complete the transition 
from the pachydermatous to the ruminant order. 

Among these genera the Dichobunes of Cuvier is the most remarkable, inasmuch 
as the posterior molars begin to exhibit a double series of cusps, of which the 
external present the crescentic form; and in one species (Dichob. murina, Cuv..,) 
the crescents are acute and compressed laterally, so that when viewed separately 
they might be mistaken for the teeth of atrue Ruminant*. In the lower jaw of the 
Dichobunes the penultimate and antepenultimate grinders present two pairs of cusps, 
the last grinder three pairs, of which the posterior are small and almost blended 
together, so that when worn down they appear single. In this respect, as well 
as in the form of the ascending ramus of the lower jaw, Cuvier, who is not prone 
- to exaggerated expressions, observes, that the Dichobunes prodigiously resemble the 
young Musk-Deerf. 

Now with respect to the fragment of the lower jaw described and figured in Mr. 
Pratt’s memoir, there is undoubtedly a close resemblance to the Musk-Deer ; but 
the differences which I have pointed out forbid their association in the same 
genus. On the other hand, we perceive, both in the structure of the teeth and the 
form of the jaw, a much closer resemblance between the Isle of Wight fossil in 
question and the genus Dichobunes. But besides being somewhat larger than the 
Dich. leporinum, the ascending ramus of the lower jaw differs in form and ap- 
proaches nearer to that of the true Anoplotherium. To this family (Anoplotheride) 
Mr. Pratt’s interesting fossil without doubt belongs, and apparently indicates a 
new species, which, until the form of the anterior molars and incisors be known, 
might be referred to the genus Dichobunes, under the name of Dichobunes cervinum. 

* La position et Je nombre des pointes y (Dichob.) sont les mémes que dans l’espéce précédente ; mais 
les pointes sont plus aigues et comprimés latéralement, ce que tend encore davantage a les rapprocher 
des molaires des Ruminans. (bid. p. 64.) 


+ Or cette dentition, cette forme de branche montante, cette grandeur méme, ressemblent prodigi- 
eusement a ce qu’on observe dans les jeunes Chevrotains. (Ibid. p. 61.) 
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III.— Observations on the Fossils representing the Thylacotherium Pre- 
vostii, VALENCIENNES, with reference to the Doubts of its Mammalian 
and Marsupial Nature recently promulgated ; and on the Phascolothe- ° 
rium Buckland. 


By RICHARD OWEN, Esa., F.G.S., F.R.S. 
PART [.—On the Thylacotherium. 
[Read November 21, 1838. ] 


Puate V. 


THE ample experience which Comparative Anatomists possess of the truth and 
tact with which the illustrious Cuvier formed his judgement of the nature and 
affinities of an extinct animal from an inspection of part, or even a single frag- 
ment of its skeleton, would justify our not attaching much weight to a conflicting 
opinion, maintained on mere theoretical grounds, and without actual inspection of 
the fossil itself ; but when the accuracy of one of Cuvier’s interpretations is called 
in question by an anatomist so eminent as his successor in the chair of Com- 
parative Anatomy, the confidence of geologists in their great guide in Palzon- 
tology becomes liable to be shaken, and an examination into the validity of such 
objections is requisite. 

The doubts which M. de Blainville has published*, as to the mammalian nature 
of the animals represented by the well-known fossil jaws discovered in the Stones- 
field oolite, rest,—first, on their being probably too imperfect to yield any con- 
clusive evidence as to the class of animals to which they may have belonged ; and, 
secondly, on an interpretation of appearances presented by casts of these fossils 
leading to conclusions opposite to those which Cuvier, and afterwards M. Valen- 
ciennes, derived from an inspection of the actual fossils. 

It is in compliance chiefly with Dr. Buckland’s request that I have undertaken 
to test the validity of these doubts, for which purpose he has transmitted to me 
from Oxford the two original fossils, each consisting of the ramus, or lateral half 
of a lower jaw; I have also re-examined the similar, but larger and more perfect 


* “Doutes sur le prétendu Didelphe de Stonesfield.” Comptes Rendus de I’ Acad. de Sciences, Oct. 
22nd, 1838. 
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fossil, described by Mr. Broderip*, and, since, liberally presented by that gentle- 
man to the British Museum. 

And first, with reference to the condition of these specimens, I am justified in 
stating, unequivocally, that each and all of them are sufficiently complete to furnish 
grounds to any anatomist, conversant with the established generalizations in Com- 
parative Osteology, for determining therefrom the class, if not also the more 
restricted group of animals to which they have belonged. 

Cuvier, after an examination of one of the jaws from Dr. Buckland’s collection, 
pronounced ‘‘the animal to have been mammiferous, resembling an Opossum, although 
of an extinct genus, and differing from all known Carnivorous Mammalia in having 
ten molar teeth in a series in the lower jawt.” It is to be regretted, that, with the 
exception of the number of molar teeth, Cuvier did not specify the particulars on 
which he founded his belief that the jaw in question represented a new but extinct 
genus of mammalian, and probably marsupial quadrupeds. 

This specimen (Pl. V. fig. 3), however, plainly exhibits,—first, a convex ar- 
ticular condyle (a) ;—secondly, an indubitable and well-defined impression of what 
was once a broad, thin, high, and slightly recurved triangular coronoid process (6), 
rising immediately anterior to the condyle, having its basis extended over the whole 
of the interspace between the condyle and the commencement of the molar series, 
and having a vertical diameter equal to that of the horizontal ramus of the jaw 
itself ;—thirdly, the angle of the jaw (c) continued to nearly the same extent 
below the condyle as the coronoid process reaches above it, and its apex is con- 
tinued backwards in the form of a process ;—fourthly, the parts above-described 
forming one continuous portion with the horizontal ramus of the jaw, which is not 
compounded of three or four distinct pieces. It is true, with respect to the last 
proposition, that an inferior marginal groove (d) has been considered as evidence 
of the composite structure of the jaw under consideration ; but there is no other 
mark that could be interpreted as an indication of this reptilian structure, whilst 
a similar groove characterizes the lower jaw of the marsupial Myrmecobius and 
Wombat, and of some large species of Sorez. 

Now these points, which may be presumed to have influenced Cuvier in form- 
ing his opinion of the nature of the fossil in question, are precisely those which 
arrested the attention of M. Valenciennes, when he examined the fossil itself, and 
which he has ably advanced in his endeavour to dissipate the doubts expressed by 
M. de Blainville. 

Whence then, it may be asked, is the necessity of again describing these appear- 
ances, and of again urging their importance as evidence of the mammiferous na- 
ture of the Stonesfield jaw? It arises from the circumstance that the Professor of 
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Comparative Anatomy at the Jardin des Plantes has declared, after an inspection 
of casts of the fossil examined by Cuvier and Valenciennes, that these anatomists 
have been deceived in all those points. M. de Blainville (loc. cit.) asserts that 
there is no trace of a convex condyle, but that, in its place, there exists an arti- 
cular fissure, somewhat as in the jaws of Fishes ; that the teeth, instead of being 
imbedded in sockets, have their fangs confluent with, or anchylosed to, the sub- 
stance of the jaws ; and that the jaw itself presents evident traces of the composite 
structure. 

The point, therefore, which first demands our closest attention, is the actual 
condition in the Stonesfield fossils of the articular or condyloid process. Now it 
is scarcely necessary to observe, that the condyle of a lower jaw, independently 
of any other part, is sufficient to indicate whether it belongs to a mammiferous or 
oviparous animal. In the Mammalia it is convex or flat, in all Ovipara it is con- 
cave ; in the fossil Stonesfield jaw examined by Cuvier (Pl. V. fig. 3), in the 
second specimen of the same species (Pl. V. fig. 1) examined by M. Valenciennes, 
and in the lower jaw of another genus (Pl. VI. fig. 2), described and figured by 
Mr. Broderip*, a prominent, convex, articular condyle is more or less distinctly 
revealed. It is most entire and unequivocal in Mr. Broderip’s specimen, which 
I shall subsequently describe. What M. de Blainville has mistaken for an ar- 
ticular fissure—‘‘ une sorte d’échancrure articulaire un peu comme dans les 
poissons,’’—must be the entering angle or notch either above or below the true 
articular condyle. 

In Plate Il. fig. 1 of the Bridgewater Treatise of Dr. Buckland, this important 
part of the structure of the jaw is very accurately represented. The figure also of 
the jaw of the Thylacotherium, given by M. Prevost in the Annales des Sciencest, 
is by no means ‘‘ tout-a-fait inexacte,”’ as asserted by M. de Blainville ; but the 
form of the condyle is less completely displayed in this fossil than in the second 
specimen of Thylacotherium Prevostii, Val. (Pl. V. fig. 1). Although mutilated 
in both, what remains is situated in a line parallel with the crowns of the teeth, 
and projects beyond the vertical line dropped from the extremity of the coronoid 
process. 

In the example examined by Cuvier, the form and extent of the coronoid pro- 
cess is indicated in a very clear and well-defined manner by the impression which 
it has left upon the matrix. 

Now the coronoid process of the Opossum’s jaw is plane on its inner surface, 
but slightly convex on the outer surface, the anterior margin of the process being 
produced externally in the form of a smooth convex ridge ; and both this ridge 
and the shallow depression behind it, are accurately represented in the impression 
which this portion of the jaw has left on the matrix in which it was imbedded. 


* Zoological Journal, vol. iii. p. 408, Pl. XL. + Avril 1825, Pl. XVIII. fig. 1, p. 389. 
VOL. VI.—SECOND SERIES. H 


56 Mr. Owen on the Thylacotherium. 


A similar impression would be made by the outer side of the coronoid process of 
the Mole’s jaw, but not by that of any known reptile or fish. 

In the Opossum’s jaw it will be likewise perceived that a depression is con- 
tinued forwards and slightly downwards from the condyle of the jaw to the 
foramen of the dental artery and nerve: in the fossil a corresponding depression 
of the jaw has left a convex elevation of the matrix, leading likewise from the 
condyle to the dental foramen; but this foramen, in the Thylacotherwm, is 
situated relatively more forwards than in the Didelphys. 

What therefore might at first sight seem to be an imperfection in the present 
fossil, affords in reality an additional clue for tracing out its true affinities. The 
fossil resembles the Didelphys in the breadth, the height, and the direction of the 
coronoid process; but, among the placental Insectivores, the Gymnurus Raffles 
sufficiently resembles in these particulars the present Stonesfield fossils, to prevent 
undue stress being laid upon the modifications of the coronoid process as indica- 
tive of their marsupial affinities. | 

The simple structure of the jaw of the Thylacothere, its convex prominent 
condyle, and the process continued backwards from the angle of the jaw, have 
been adduced by M. Valenciennes as establishing the truth of Cuvier’s opinion 
of the nature of that extinct animal; and we have seen that all the fossils hitherto 
discovered justify such support. But these anatomical facts only go to prove the 
mammiferous and carnivorous, and not the marsupial character of the Thyla- 
cotherium: there is however a constant modification of the angle of the jaw, 
recognised by Cuvier* as peculiar to the family of Opossums (Pedimanes), and 
which I have found to characterize, not only that family, but all the marsupials 
hitherto discovered, and to distinguish them from their nearest congeners in the 
placental series: this character has not been taken into consideration in the 
inquiry into the nature of the present fossils by any of the able anatomists who 
have written respecting them, although, if co-existing with a convex condyle, it 
would be strong evidence of the marsupial nature of a fossil jaw, even if all the 
teeth were wanting. 

In the carnivorous Marsupials, as the Thylacine, for instance, the lower max- 
illary bone resembles, in many respects, that of the corresponding species in the 
placental series, as the Dog : a similar transverse condyle is placed low down near 
the angle of the jaw; a broad and strong coronoid process rises high above the 
condyle, and is slightly curved backwards ; there is the same well-marked depres- 
sion on the exterior of the ascending ramus for the firm implantation of the tem- 
poral muscle ; and the lower boundary of this depression is formed by a strong 
ridge extended downward and forward from the outside of the condyle. But in the 
Dog and other placental Carnivores (the Seals excepted), a process, representing 
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the angle of the jaw, extends directly backwards from the middle of the above 
ridge, which process gives precision and force to the articulation of the jaw, and 
increases the power by which the masseter acts upon the jaw. Now, although 
the same curved ridge of bone bounds the lower part of the external muscular 
depression of the ascending ramus in all the Marsupialia, it does not in any of 
them send backwards, or in any other direction, a process corresponding to that 
just described in the Dog and other placental Carnivora. The angle of the jaw 
itself, in the Marsupials, is bent inwards in the form of a process, encroaching 
in various shapes and degrees of development, in the different marsupial genera, 
upon the interspace of the rami of the lower jaw. In looking directly upon 
the lower edge of the jaw, we see, therefore, in place of the margin of a vertical 
plate of bone, a more or less flattened triangular surface or plate of bone extended 
between the external ridge and the internal process or inflected angle. In the 
Opossums this internal angular process is triangular and trihedral, directed in- 
wards, with the point slightly curved upwards, and more produced in the small 
than in the large species. In the Dasyures it has a similar form, but the apex 
is extended into an obtuse process. In the Perameles it forms a still longer 
process of a flattened form, extended obliquely inwards and backwards, and 
slightly curved upwards. It presents a triangular, slightly incurved and pointed 
form in the Petaurists, in which it is longest and weakest in the Pigmy species 
(Acrobates, Desm.). In the Potoroos and Phalangers the process is broad, with 
the apex slightly developed. It is bent inwards, and bounds the lower part of a 
wide and deep depression in the inside of the ascending ramus. In the great 
Kangaroo the internal margin of this process is curved upwards, so as to augment 
the depth of the internal depression above-mentioned. The internal angular pro- 
cess arrives at its maximum of development in the Wombat, so that the breadth of 
the base of the ascending ramus very nearly equals the height of the same part. 
Now if the process from the angle of the jaw in the Stonesfield fossil be ac- 
tually continued backwards, as M. Valenciennes describes, in the axis, or nearly so, 
of the ramus of the jaw, then such fossil would resemble the jaw of an ordinary 
placental carnivorous or insectivorous mammal, and the term Thylacotherium would 
be inappropriately applied to it; but in both the specimens of the fossil jaws to 
which that name has been restricted, and which present their inner or mesial sur- 
faces to the observer, the angular process (PI. V. figs. 1] and 3, c) presents a frac- 
tured surface ; and we are led to conclude, therefore, that when the jaw was en- 
tire its angle was produced inwards or mesially ; but whether to the same extent 
as in the Opossum and other Marsupials, or with a slight inclination, as in the 
Mole and Hedgehog, cannot be certainly determined in the present fossils. In these 
specimens, however, the apex of the angle only is fractured ; while in the fossil 
H 2 
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described by Mr. Broderip, the entire process, and consequently the angle of the 
jaw, which in the Marsupials constitutes this process, is broken away: in this 
jaw, likewise, the gentle convex line, continued from the condyle into the lower 
margin of the horizontal ramus of the jaw, is uninterrupted, precisely as in the 
jaw of the Marsupial (Dasyurus viverrinus) now on the table*, in which I have 
broken away, in a similar manner, the inwardly produced angle. In the fossils, 
something which projected inwards has evidently been broken off. The very cir- 
cumstance of the angular process projecting inwards beyond the plane of the 
ramus of the jaw, would render it most liable to be broken off when the matrix 
came to be detached from the inner surface of the jaw; whereas, if it had been 
simply continued backwards, it might have been preserved entire ; but this has 
not been the case in any of the fossils hitherto obtained from Stonesfield. 

These appearances, in conjunction with the condyloid and coronoid processes 
forming parts of one simple, continuous, undivided plate of bone, would be 
sufficient to determine, not only the mammiferous, but the carnivorous, and to 
strongly indicate, in the Phascolotherium at least (Pl. VI. fig. 2), the marsupial 
nature of the Stonesfield fossils, if even every tooth and alveolar process had been 
destroyed. 

Nevertheless, in a question of so much interest in the problem of the order of 
appearance of animated beings on our planet, it is well that these parts also are 
present, and in sufficiently good preservation in the fossils in question to yield im- 
portant auxiliary proofs of their mammiferous, if not marsupial nature. 

M. de Blainville alludes to a careful drawing of one of these jaws which 
represented the posterior molars as having ‘‘la forme en palmette, quinque- 
lobée,” a form which he observes is sufficient to expel them not only from the 
marsupial but the mammiferous series. To this it may be replied, that certain 
species of Seal, both recent and fossil, might, for the same reason, be argued to be 
non-mammalian. 

The following is the exact condition of the teeth in the specimen of the Thylaco- 
therium examined by Cuvier (PI. V. fig. 3):—there are ten molars in situ, each 
with two fangs imbedded, as the seven anterior molars show, in deep and distinct 
sockets ; there is an evident trace of the sockets of another molar anterior to 
those in place. 

The molars very gradually increase in size from the first or anterior one to the 
sixth in the present specimen ; the rest are equal, except the last, which is some- 
what smaller. The crowns of all the grinders, except the second, third and fourth, 


* This specimen is now placed by the side of the jaw of the Phascolotherium in the British Museum. 
+ The teeth are here enumerated as they exist in the fossil, not with reference to the true dental for- 
mula. 
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are vertically split, and more or less of their internal grinding surface is broken 
away. 

The tenth molar presents only the inner side of the middle external cusp, with 
part of the anterior cusp ; a similar appearance would be produced in the true 
molar of a Didelphys, if the internal middle cusp and the posterior cusps were ob- 
liquely sliced away. 

In the ninth molar the large middle external cusp is nearly entire to its sharp 
apex ; part of the anterior cusp and the base of the internal posterior cusp are pre- 
served : the same appearances would be produced in the true molar of a Didelphys, 
if the middle internal cusp and part of the anterior and posterior internal cusps 
had been obliquely truncated. 

In the eighth tooth the fractured surface of the crown gives a view of the anterior 
and large middle external cusp, with part of the posterior external cusp. 

In the seventh tooth the crown is more mutilated than in the preceding teeth ; only 
a part of the anterior cusp and the base of the external cusp are visible ; but the 
fracture displays the breadth of the crown, and corroborates the evidence afforded 
by the preceding teeth, and confirmed beyond question by the posterior molar of 
the second jaw (Pl. V. fig. 1), that these posterior molars were not provided, as 
M. de Blainville asserts, with mere compressed, five-lobed crowns. 

In the sixth tooth the evidence of the complicated structure of the crown 
becomes indistinct : part of a large anterior and small posterior cusp are alone 
visible.’ 

In the fifth tooth two similar cusps are present, but the points are broken. 

The crowns of the fourth, third and second grinders are perfect, and clearly show 
that they are each divided into two, and not three, sub-compressed conical cusps, the 
posterior one being very much less than the other: these teeth precisely resemble 
the second and third false molars of the lower jaw in the Mole, as well as in some 
species of Didelphys. 1 cannot perceive the tricuspid structure given to these 
teeth in the figure in the Bridgewater Treatise of the jaw now described ; that of 
M. Prevost in the Annales des Sciences is more exact in this particular, at least 
as regards the third tooth in place. 

The minute cylindrical medullary canal (cavitas pulp) is plainly visible in the 
anterior fang of both the second, third, fourth and fifth molars. 

The crowns of the first and second premolars in the present specimen are broken 
vertically like the posterior teeth ; but sufficient of the crown is preserved in both 
to show that it was unequally bicuspid, as in the two succeeding false molars. 

The anterior false molars are altogether displaced ; but traces of the alveoli, for 
the two short fangs of one of these, may be perceived at the broken anterior ex- 
tremity of the present fossil. 
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The double fangs of the seven anterior molars in place are exposed by the break- 
ing away of the internal plate of the ramus of the jaw: in the three following 
molars the beginning of the fangs are visible, slightly protruded from their sockets. 
The fangs extend half way through the vertical diameter of the ramus ; their dense 
ivory is clearly contrasted both by its texture and deeper colour from the sur- 
rounding bone: so far from being anchylosed to this bone, as M. De Blainville 
asserts, they are clearly separated from it by a thin layer of a distinct colour from 
either, and which appears to be due to the matrix which has insinuated itself into 
the sockets of the teeth, as it has into the vascular canals of the jaw. 

Lastly, it must be obvious to all who inspect this fossil and compare it with the 
jaw of a small Didelphys, that, contrary to the assertion of M. de Blainville, the 
teeth and their fangs are arranged with as much regularity in the one as in the 
other ; and that instead of an argument in favour of the saurian nature of the 
fossil being afforded by this part of its structure, the distinct sockets and their 
double cavities, corresponding with the long and slender double fangs of the teeth, 
are conclusive against the saurian theory. 

I proceed next to the description of the second specimen of the half-jaw of 
Thylacotherium Prevostii in Dr. Buckland’s collection (Pl. V. fig. 1): this agrees 
in size and form with the preceding. Such teeth as are preserved in it, agree with 
the corresponding ones in the previous specimen : there can be no doubt that they 
both belonged to mature individuals of the same species and the same size. M. Va- 
lenciennes, after an inspection of this second example, declared it to be the left 
ramus of the lower jaw, having its internal side exposed to view: he founded his 
opinion on the presence of the orifice of the dental canal near one end, and of 
the articular surface of the symphysis at the other. 

M. de Blainville, after an inspection of the casts of this example, came to a con- 
trary opinion ; he denies the existence of the orifice of the dental canal and of the 
symphysial articulation, and describes the specimen in question as being the ex- 
ternal side of a compound jaw with an articular notch, like that of a fish or reptile. | 
It has become necessary, therefore, again to subject this specimen to a severe 
scrutiny ; and M. Valenciennes will pardon me for reiterating facts which he has 
so ably and accurately described, when he reflects that the progress of geological 
truth and the establishment of a sound theory of the succession of animal develop- 
ment in this planet would be impeded, if the doubts, cast upon his statements by 
so able an anatomist as his learned colleague, should remain untested by a second 
appeal to the specimen itself. 

In this specimen the whole of the exposed surface of the lower jaw, with the ex- 
ception of the coronoid, articular and angular processes, is entire; the smooth 
surface near the anterior extremity of the jaw is in bold relief, and slopes away at 
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nearly a right angle from the rougher articular surface of the elongated symphysis. 
It may be supposed that this symphysial articular surface (Pl. V. fig. 1, e), which 
at once determines the side of the jaw, might be obscured in a plaster-cast, but 
there is no possibility of mistaking it in the fossil itself ; it is long and narrow, and 
is continued forwards in the same line with the gently convex inferior margin of © 
the jaw, which thus tapers gradually to a pointed anterior extremity, precisely 
as in the jaws of the Didelphys, as well as in other Insectivora, both of the marsu- 
pial and placental series. Its lower margin presents a small but pretty deep notch, 
which possesses every appearance of a natural structure ; and a corresponding but 
shallower notch is present in the same part of the jaw of the Myrmecobius (Pl. V. 
fig. 2, f). In the relative length of the symphysis, its form and position, the jaw 
of the Thylacotherium corresponds with that of the Didelphys, Myrmecobius, and 
Gymnurus. A greater proportion of the convex articular condyle is preserved in 
this than in the foregoing specimen, and it projects backward to a greater extent. 
The precise contour of the coronoid process is not so neatly defined in this as in 
the first specimen of Thylacotherium, but sufficient remains to show that it had the 
same height and width. 

The exposed surface of the coronoid process is slightly convex: had it been the 
outer side, as M. de Blainville asserts, it would have been concave. ‘The surface 
of the ascending ramus of the jaw is entire above the angle, whence we may con- 
clude, that if the process from the latter part had been continued directly back- 
wards, it would also have been entire ; but the extremity of the angular process is 
broken off, proving it to have originally inclined inwards, or towards the observer: as, 
however, the greater part of the angle (c) is entire, it could not have been inflected 
to the same extent as in the Didelphys, Dasyurus, or the Phascolotherwum, next to be 
described. A groove is extended from the lower end of the articular condyle for- 
ward to the orifice of the canal for the dental artery, where it divides ; the upper 
branch terminates in the dental orifice ; the lower and larger division (d) is continued 
forward near the lower margin of the jaw, and is gradually filled up half way to- 
wards the symphysis :—no one could mistake this smooth vascular groove for an 
articular fissure. There is a broader and shorter groove in the corresponding part 
of the jaw of the Myrmecobius (Pl. V. fig. 2, d), and a narrower groove in that of the 
Wombat. The alveolar wall of the posterior grinders makes a convex projection, 
characteristic of the inner surface of the ramus of the lower jaw. The posterior 
grinder in the present jaw (PI. V. fig. 1) is fortunately more complete than in the 
first example, and shows a small, middle, internal cusp, with part of a large external 
cusp, both projecting from the crown of the tooth in nearly the same transverse 
line. The enamel covering the internal cusp, which is vertically fractured, is beau- 
tifully distinct from the ivory, and considerably thicker in proportion to the size 
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of the tooth than is the enamel or its analogue in the teeth of any species of 
Reptile, recent or fossil. The six molars, anterior to the one in place, are broken 
off close to the sockets ; both the fifth and fourth false molars are entire: the an- 
terior cusp has the same superior size, as in the first specimen. The thick enamel 
coating, and the silky iridescent lustre of the compact ivory, are beautifully shown 
in these teeth. 

The third and second grinders are more fractured than in the first specimen, but 
sufficient remains to show that they possess the same form and relative size ; but 
the most interesting evidence, as regards the teeth, which the present jaw affords, 
is the existence of the sockets of not less than seven teeth, anterior to those above 
described. Of these sockets the four anterior ones are small and simple, like 
those of the Mole, being more equal in their size and interspaces than in the Di- 
delphys. The fifth socket contained a small premolar with double fangs, and so 
likewise the sixth and seventh. Thus the two false molars, with perfect crowns in 
the present specimen, are the eighth and ninth teeth, counting backwards, or the 
fourth and fifth of their class, viz. premolares, or false molars. 

Thus, as regards the genus Thylacotherium, we have now evidence that its 
dental formula must include thirty-two molars in the lower jaw,—sixteen on 
each side: that these, instead of presenting an uniform compressed tricuspid 
structure, and being all of one kind, must be divided into three series, as regards 
their form: five, if not six, of the posterior teeth are quinque-cuspidate, and must 
be regarded as molares veri. Some of the molares spuru are tricuspid and some 
bicuspid, as in the Opossums ; but they are six, if not seven, in number: anterior 
to these are four simple teeth, of which the fourth may be regarded as the repre- 
sentative of the canine, and the anterior three as incisors. Thus the Thylacothe- 
rium differs considerably from the genus Didelphys in the number of its teeth : in- 
deed, at the time when Cuvier wrote, no mammiferous ferine quadruped was known 
to possess more molar teeth than the Chrysochlore, which has nine molars on each 
side of the upper jaw, and eight molars on each side of the lower jaw. 

The Chrysochlore, however, is not the only Mammal in which the molars exceed 
the number usually found in the unguiculate Mammalia. 

In the Transactions of the Zoological Society for the year 1836 (vol. ii. p. 149), 
Mr. Waterhouse published a description of an Australian Marsupial, forming the 
type of a new genus (Myrmecobius), and having nine molars on each side of the 
lower jaw, besides one small canine and three simple conical incisors*. 


* The six posterior grinders of Myrmecobius are compound and multicuspidate ; the three anterior 
ones are molares spurii and tricuspid; with the exception of the last, they gradually diminish in size 
as they advance forwards (PI. V. fig. 2). 
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The teeth of Thylacotherium moreover differ from those of Didelphys not 
only in number but also in size, being relatively smaller. The teeth of Myr- 
mecobius, besides their approximation in number to those of Thylacotherium, 
resemble them in their small relative size more than do those of Didelphys ; but 
they are still smaller than in Thylacotherium, which, in this respect as well as in 
the structure of the teeth, holds an intermediate position between Didelphys and 
Myrmecobius. And it is interesting to find that the recent Mammal, which thus 
approaches most nearly the extinct Thylacotheriwm, should exhibit in the structure 
of its lower jaw, and of the articular cavity for the same, unequivocal evidence of 
its belonging to the marsupial family. 

The Didelphys Prevostii being evidently, as Cuvier stated, a genus distinct from 
Didelphys, properly so called, and as great inconvenience arises in applying to it 
that name in the Linnean sense, or as an equivalent to the term Marsupialis,—in 
which sense alone it has ever been so applied by the naturalists of this country,— 
M. Valenciennes has added to the value of his examination of the present fossil by 
proposing for it a distinct generic appellation. It would have been more prudent, 
perhaps, to have chosen one less descriptive than ‘ Thylacotherium,’ since the affin- 
ities of the fossil Insectivore to the marsupial order may be regarded as indicated 
only with a certain degree of probability, and as requiring further evidence before 
the desired demonstration can be attained. The determination of the particular 
order of Mammals to which the animal represented by these ancient remains is 
referrible, is a matter, however, of littke moment, compared to the discovery of 
the class of vertebrate animals to which it belonged. In reference to this point, 
the evidence afforded by the two jaws, above described, decisively proves, in my 
opinion, that they belonged to a true, warm-blooded, mammiferous species, refer- 
rible also to the higher or unguiculate division of the class Mammalia, and to an 
insectivorous genus ; with a probability, according to the present known fossils, of 
the marsupial character of such genus. 

At a subsequent Meeting I propose to bring forward my observations on the 
more perfect fossil half-jaw, described by Mr. Broderip under the name of Di- 
delphys Bucklandi, and of which the marsupial character is more strongly mani- 
fested. 

As this, however, like the Thylacotherium, is generically distinct from the mo- 
dern genus Didelphys, I shall describe it under the name of Phascolothertum Buck- 
land. 

The dental formula of the genus Thylacotherium is, as regards the lower jaw, as 
follows : 
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Puate VI. 


IF the question of the existence of the remains of animals so highly organized as 
Mammalia, in the Stonesfield oolite, depended only on the evidence afforded by 
the half-jaws of the Thylacotherium described at a previous Meeting of the Geolo- 
gical Society, that evidence, I have contended, is amply sufficient to enable the ana- 
tomist to answer that question in the affirmative. 

The remains of the split condyles in these fossils demonstrate their original con- 
vex form,—a form which is diametrically opposite to that which characterizes the 
same part in all Reptiles, and, indeed, in all Ovipara. The size, the figure, and 
the position of the coronoid process are such as have never yet been witnessed 
in any other than a zoophagous mammal, with a temporal muscle sufficiently de- 
veloped to demand so extensive an attachment for the purpose of working a 
destructive carnivorous jaw. 

The teeth are composed of dense ivory, with crowns covered with a thick coat 
of enamel ; they are everywhere distinct from the substance of the jaw, and those 
of the molar series have two fangs, deeply imbedded in distinct sockets. These 
teeth are, moreover, of three kinds: the hinder ones are bristled with five cusps, 
of which four seem to have been placed in pairs transversely across the crown of 
the tooth. The anterior ones present a very different form, and have but two or 
three cusps in the same plane; the four anterior teeth were simple, and each with 
a single fang. Now these particulars have never yet been found united in the 
teeth of any other than a zoophagous mammiferous quadruped. The general form 
of the jaw corresponds with the more essential indications of its mammiferous na- 
ture just described. 

The Thylacotherwum being thus established in its true position as regards the 
primary divisions of the Vertebrate sub-kingdom, there next remained to be de- 
tected such secondary characters as might reveal the affinities of the fossil to 
some of ‘the minor groups of the zoophagous and insectivorous Mammalia ; and 
such seemed to be indicated by the fractured angle of the jaw. But the evidence 
that may be drawn from this appearance is not so clear and convincing as that 
which relates to the first and main argument. 

Many naturalists and anatomists may concede the mammiferous character of the 
Thylacothertum, but may require further evidence in proof of its marsupial nature. 
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Still I must repeat, that the jaws of the Thylacothere, as at present known, resemble 
those of the small Opossums more closely than any other group of the mammi- 
ferous class ; and in the number of the teeth, the Australian genus Myrmecobius 
offers the nearest approach to them. 

It is, however, comparatively of little consequence to what particular order of 
Mammals the Stonesfield jaws belong, provided it can be certainly proved from 
them that they do belong to the class Mammalia. 

The announcement of the fact of mammiferous remains in the oolitic formations, 
as it invalidated a received and general proposition relative to the first appearance 
of these remains in the component strata of the earth’s crust, gave rise, in the 
minds of those philosophers who were unwilling to modify the general law so as 
to include the new fact, in the first place to doubts as to the antiquity of the ma- 
trix ; and afterwards, when these doubts could no longer be maintained, to a denial 
of the high organization of the fossils. 

With respect to the fossils themselves it is asserted,— 

Ist. That they are too imperfect to support any safe conclusion as to the class 
of Vertebrates to which they belonged ; and that therefore, since all previous ex- 
perience is contrary to the existence of mammiferous remains below the chalk or 
anterior to the Eocene period, the cold-blooded Ovipara ought to have the benefit 
of the doubt, and the fossils in question should be transferred to their low organized 
community. 

The answer to this objection, which is founded on a view of casts only, is simply 
an appeal to the fossils themselves ; the result of which has already been given.as 
regards the Thylacotherwum. 

2nd. These natural hieroglyphics, though considerably time-worn, being allowed 
to be sufficiently entire to give, if rightly interpreted, the date of the strata on 
which they are inscribed, we have to consider the differences of opinion as to 
their real form and meaning. In other words, the objections to the mammiferous 
nature of the Stonesfield jaws rest not only on a difference of opinion as to their 
actual structure, but also on a different interpretation of admitted appearances. 

It is asserted that the jaws in question must belong to the cold-blooded Verte- 
brates, because the articular surface is in the form of an entering angle. My an- 
swer to this has been, that the articular surface is supported on a prominence, and 
that that prominence is convex; and that a convex condyle is met with in no 
other class of Vertebrata, save in the Mammalia. 

It is asserted, again, that the teeth are all of an uniform structure, as in certain 
reptiles. But this argument, in like manner, falls to the ground on reference to 
the fossils themselves ; the contrary being the fact, and the actual structure of the 
teeth strongly supporting the mammiferous theory of the fossils. 

12 
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We have next to consider those arguments which have been founded on ad- 
mitted structures. 

The advocate of the mammiferous nature of the Stonesfield Thylacothere allows 
that it has an unusual number of molar teeth, it may be twelve, true and false, on 
each half of the lower jaw ; but he denies the inference, that, therefore, this half- 
jaw has not belonged to a Mammal. There is not sufficient constancy in the num- 
ber of the teeth in the Mammalia, or even in the carnivorous or insectivorous sub- 
divisions of that class, to render the excess of teeth in the Thylacothere of any 
value as an indication of its classial relations. Among the placental Carnivora the 
Canis Megalotis has constantly one more grinder on each side of the lower jaw than 
the usual number. Among the Insectivora the Chrysochlore has also eight instead 
of seven molars in each ramus of the lower jaw. Among the Marsupiata the ge- 
nus Myrmecobius has nine molars on each side of the lower jaw. Some of the in- 
sectivorous Armadillos and of the zoophagous Cetacea offer examples of a combina- 
tion of still more numerous and reptile-like teeth, with all the true and essential 
characters of the mammiferous class. The anatomist, contending for the saurian 
nature of the Stonesfield jaws, must have felt the weakness of his cause when he 
appealed to the number of the teeth in that fossil for its support. 

All the spurious molars of the Thylacotherium have two well-developed fangs : but 
this fact has also been adduced as an objection to the Cuvierian determination of 
that extinct animal. The greater number of the spurious molars, however, in 
every genus of the placental Ferg, have two fangs, and in the marsupial Mam- 
malia, as well as in the Mole, and some other Insectivora, the whole of the false 
molars invariably possess two fangs, and this structure as little co-exists with a 
complicated crown of the tooth as in the extinct Thylacothere. 

If the ascending ramus of the Stonesfield jaws had been absent, and with it the 
evidence of their mammiferous nature afforded by the condyloid, coronoid and an- 
gular processes,—the structure of the teeth, and especially the implantation of the 
molars in distinct sockets by means of long double fangs, would, nevertheless, have 
yielded proof that the fossils in question were the remains of a species referrible to 
the highest class of animals. Since a Shark’s tooth is never implanted in a socket, 
its form, whether it have a bifurcate base or not, cannot afford any argument for 
the non-mammalian nature of the Thylacotherium: the saurian nature of the so- 
called Basilosaurus is too problematical for the attachment of any value to an ob- 
jection founded on the two-fanged structure of its teeth*. 

When also it is recollected that Cuvier described and figured (after Garriga) 
the teeth of the Megatherium as having two fangs, and when the origin of that 


* See Bru’s Descripcion del Esqueleto de un Quadrupedo muy corpulento y raro, &c. Folio, Madrid, 
1796. 
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mistake is kept in view, the anatomist, anxious after truth, would pause before he 
accepted the reputed structure of the molars of the Basilosaurus as valid proof of 
so anomalous an exception to the condition of the teeth characteristic of the class 
Reptilia, if even the Basilosaur should prove to be a true Saurian. In the teeth 
of the Megatherium the appearance of the double fang was produced by an ac- 
cidental fracture in the axis of the tooth, displaying the two converging sides 
of the simple conical cavity, which, as in the teeth of the larger Saurians, occupies 
the base of the really simple and fangless tooth of the Megathere. 

Until, therefore, the teeth of the Basilosaurus shall have been examined with a 
view to the possibility of this mistake, and their size, form and relations to the 
jaws have been described, the simple statement that such an extinct animal had 
teeth with double fangs, can have little force against the argument for the mam- 
miferous nature of the Thylacothere, founded on the structure of its teeth*. 

The objection to the mammiferous character of the Thylacothere founded on 
the colour of the fossil, as indicative of a proportion of animal matter originally 
therein present, and presumed to be such as is found only in the cold-blood Verte- 
brata, will have but little weight with the geologist practically acquainted with 
fossil remains. The dentine of the Mastodon’s grinders commonly exhibits a 
colour much more nearly approaching to jet black than is presented by any tooth 
of the Thylacothere. On the other hand, there are numerous fossils of both reptiles 
and fishes, which, from the accident of their matrix, offer evidence of a much less 
original proportion of the animal matter than is conjecturally assigned to those 
of the Thylacothere. 

There remain then for discussion the arguments for the saurian nature of 
the Stonesfield fossils, founded on the appearance of a compound structure ob- 
servable in them. 

As these appearances are more numerous and imposing in the jaw of the Phas- 
colotherium about to be described, I have reserved their consideration to the 
present opportunity, repeating only, with respect to the Thylacothere, that the 
only trace of this structure in the jaw of that fossil is due to a mere vascular 
groove running along its lower margin ; and that a similar structure is present 
in the lower jaw of some species of the Opossum, in the Wombat, Myrmecobws, 
and in that of the Sorex Indicus and of other Mammalia. 


Description of the Half-jaw of Phascolotherium Bucklandi. PI. VI. fig. 2. 


The fossil on which this genus is founded is the right ramus of the lower jaw, having its external 


* Since this paper was read, I have had the unexpected gratification of being able to determine the 
mammiferous, and probably cetaceous nature of the so-called Basilosaurus. See posted, p. 69 of the 
present volume. 
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surface imbedded in the oolitic matrix, and its inner or mesial surface exposed to the observer. It is 
the fossil described and figured by Mr. Broderip in the Third Volume of the Zoological Journal (Pl. XI.), 
in which its generic distinction from the Stonesfield fossils of Thylacotherium is distinctly pointed out, 
and the name of Didelphys Bucklandi given to it only ‘for the sake of convenience and perspicuity;’ 
the word Didelphys being here used in its widest sense, and the author expressly stating that it would 
perhaps be presumptuous in him to pronounce on its generic identity with the group of Marsupials, to 
which the term Didelphys is restricted by Cuvier. 

In presenting another description of this interesting fossil to the scientific world, 
I have to offer the same apology to Mr. Broderip as to M. Valenciennes, in refer- 
ence:to the Thylacotherium. And the imposition of a distinct generic name on the 
Didelphys Prevostii by MM. Agassiz*, de Blainville and Valenciennes, has, in 
some measure, compelled me to take the same step in reference to the Didelphys 
Bucklandi, since I shall be able to prove in the sequel, that this fossil offers cha- 
racters which distinguish it generically, not only from the Didelphys Prevostiu or 
Thylacotherwm, as Mr. Broderip has already pointed out, but also from the true 
genus Didelphys of modern Mammalogists, to which, nevertheless, it has a much 
nearer affinity. 7 

The condyle of the jaw of the Phascolotherium here described (Pl. VI. fig. 2. a.), 
instead of being vertically split, as in the specimens of Thylacotherium, is fortunately 
entire, and stands out in bold relief from the oolitic matrix ; it presents exactly the 
same form and degree of convexity as in the genera Didelphys and Dasyurus. In 
its relative position to the series of molar teeth, with which it is on a ievel, it 
corresponds with Dasyurus more nearly than with Didelphys: in the Dasyurus 
ursinus, in fact, as well as in the allied marsupial genus, Thylacinus, the condyle 
has precisely the same relative position to the molar series ; so that this particular 
structure in the jaw of the Phascolotherium affords no argument against its ad- 
mission into the marsupial series. 

The general form and proportions of the coronoid process (b.) resemble those 
in the zoophagous Marsupials ; but in the depth and form of the entering notch, 
between this process and the condyle, it corresponds most closely with the Thy- 
lacinus. 

It is, indeed, a most interesting fact, that this rare and solitary genus, repre- 
sented by a single species (the Hyzna of the Tasmanian colonists), whose term 
of existence seems fast waning to its close, should afford the only example of a 
form and backward extension of the coronoid process, and a corresponding deep 
emargination above the condyle, which would else exclusively characterize the 
ancient Phascolotheriumt. 


* Von Leonard and Bronn’s Neues Jahrbuch, 1835, s. 186. 
+ Mr. Broderip, in his description above alluded to, observes, “that it may not be uninteresting to 
note, that a recent species of Trigonia has very lately been discovered on the coast of Australia, that 
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The base of the inwardly-bent angle of the lower jaw progressively increases in 
Didelphys, Dasyurus and Thylacinus ; and, judging from the fractured surface of 
the corresponding part in the fossil, it also resembles most nearly, in this respect, 
the Thylacinus. 

The condyle of the jaw is nearer the plane of the inferior margin of the ramus 
in the Thylacine than in the Dasyures or Opossums ; and consequently, when the 
inflected angle is broken off, the curve of the line continued from the condyle 
along the lower margin of the jaw in the Thylacine is least: in this particular 
again the Phascolothere resembles the Thylacine. In the position of the dental 
foramen, the Phascolothere, like the Thylacothere, differs from all the zoophagous 
Marsupials already cited, and also from the placental Fere ; but in the Potoroo 
(Hypsiprymnus), a marsupial Herbivore, the orifice of the dental canal is situated, 
as in the Stonesfield Marsupials, very near the vertical line, dropped from the last 
molar tooth. (See letter e, Pl. V. figs. 1, 2 and 3, and Pl. VI. figs. 1 and 2.) 

A portion of the inner wall of the jaw, near its anterior margin, in the Phasco- 
lothere, has been violently broken off, so that the form of the symphysis cannot be 
precisely determined ; but in the gentle curve by which the lower margin of the 
jaw is continued along the line of the symphysis to the anterior extremity of the 
jaw, the Phascolotherium resembles Didelphys more than Dasyurus or Thylacinus. 

It is interesting to find that this analogy is associated with a correspondence in 
the condition of the teeth at the anterior part of the jaw. In examining the fossil 
we can scarcely refuse our assent to Mr. Broderip’s opinion, that there were origi- 
nally four incisors in each ramus of the jaw of Phascolotherium, as in Didelphys. 
Of the three incisors which are actually present in the fossil, only the internal and 
posterior surfaces are displayed, and not the whole breadth of the tooth ; so that in 
the enlarged figure of the jaw detached from its matrix, the incisors appear both 
narrower and further apart than they really are. The incisors in the Thylacinus 
are of a prismatic form; and the surface, corresponding to that which is exposed 
on the fossil, forms one of the angles, from which the tooth increases in breadth to 
its anterior part, which forms one of the three facets. 

Allowing for this circumstance, which must be borne in mind in an endeavour 
to arrive at the true affinities of the Phascolothere, the incisors in that fossil are 


land of Marsupial animals. Our specimen,” continues Mr. Broderip, “lies imbedded with a number of 
fossil shells of that genus. The individuals are of the same species so frequently found at Stonesfield.” 
—Loe. cit. p. 4. May we be permitted to conjecture that Australia, in its marsupial inhabitants, its 
Araucarie and Cycadeous plants, with the living Clavagelle, Terebratule and Trigonie of its coasts, 
presents us with the picture, as it were, of the last remains of an old and worn-out world,—of one that 
has long been superseded in this hemisphere by other strata and a higher type of mammiferous organ- 
ization ? 
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evidently separated by wider intervals than in Thylacinus, Dasyurus or Didelphys ; 
and the Phascolothere resembles, in this respect, as in the smaller proportions of 
its canine, the genus Myrmecobius. 

In the proportions of the grinders to each other, especially the small size of the 
hindmost molar, the Phascolothere resembles the Myrmecobius more than it does 
the Opossum, the Dasyure or the Thylacine; but in the form of the crown it resem- 
bles the Thylacine more closely than any other genus of Marsupials. In the num- 
ber of molar teeth the Phascolothere differs both from the Thylacothere and the 
Myrmecobius, and resembles the Opossum and Thylacine, having three false and 
four true molars, or seven grinders altogether, in each maxillary ramus. The di- 
stinction between.the false and true molars is however much less strongly marked, 
both in the Phascolothere and Thylacine, thanin the Opossum. The difference be- 
tween the false and true molars in the Opossum is chiefly indicated by the addi- 
tion, in the true molars, of a pointed tubercle on the inner side of the middle 
large tubercle, and in the same transverse line with it; but in the Phascolothere, 
as in the Thylacine, there is no corresponding tubercle on the inner side of 
the large, middle, pointed cusp; its place is occupied in the Phascolotherium 
by a ridge, which extends along the inner side of the base of the crown of the true 
molars, and projecting a little beyond both the anterior and posterior smaller 
cusps, gives the quinquecuspid appearance to the crown of the tooth, as repre- 
sented by Dr. Buckland in his magnified view of the antepenultimate grinder of 
the Phascolotherium, given in the 2nd Plate of the illustrations of the Bridgewater 
Treatise. In the Thylacine the internal ridge is not continued across the base of 
the large middle cusp, but it extends along and beyond each of the lateral cusps, 
so as to give the tooth a similar quinquecuspid form to that which characterizes 
the true molars of the Phascolothere. Connecting the close resemblance which 
the molar teeth of the Phascolothere bear to those of the Thylacine with the 
similarities which have been already shown to exist in the several characteristic 
features of the ascending ramus of the jaw, I am of opinion that the marsupial ex- 
tinct genus, indicated by the Stonesfield fossil here described, was nearly allied to 
Thylacinus, and that its position in the marsupial series is between Thylacinus and 
Didelphys: 

There are two linear impressions on the inner side of the horizontal ramus of 
the jaw of the Phascolothere which have been mistaken for indications of harmonie, 
or toothless sutures, analogous to those which join together the component pieces 
of the compound jaws of reptiles and fishes. One of these is a faint, shallow, 
linear impression, continued from between the antepenultimate and penultimate 
molars, obliquely downwards and backwards, to the foramen for the dental artery. 
I conceive it to be due to an accidental crack ; and if the portions of the. bone 
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which it separates were to be compared to the contiguous margins of the oper- 
cular and dentary pieces of a reptile’s jaw, it would be seen that the only suture, 
which in Reptiles is continued from any part of the level of the dental series be- 
tween these pieces, passes in a totally different direction ; it is the suture which 
bounds the anterior part of the opercular piece, and which, in all reptiles, runs 
obliquely downwards and forwards, instead of downwards and backwards. The 
second impression (d. fig. 2. Pl. VI.) in the jaw of the Phascolotherium is much 
more strongly marked than the preceding ; it is a linear groove continued from the 
anterior extremity of the fractured base of the inflected angle obliquely downwards 
to the broken surface of the anterior part of the jaw. Whether this line be due 
to a vascular impression, or an accidental fracture, I do not offer an opinion ; but 
this may be confidently affirmed, that there is not any suture in the compound 
jaw of a reptile which occupies a corresponding situation. And lastly, with refer- 
ence to the philosophy of pronouncing judgement on the saurian nature of the 
Stonesfield fossils from the appearances of sutures in the jaws themselves, I would 
offer one remark, the justness of which will be obvious alike to those who are and 
those who are not conversant with the details of Comparative Anatomy. 

The cumulative evidence of the true nature of the Stonesfield fossils, afforded by 
the shape of the condyle, coronoid process, angle of the jaw, different kinds of 
teeth, with the shape of their crowns, double fangs, and implantation in sockets, 
reposes on structures which cannot be due to accident, while those which favour 
the evidence of the compound structure of the jaw may arise from accidental cir- 
cumstances. 

The dental formula of the genus Phascolotherium is as follows :— 


; ? ; 2 ? 2 
Incisors 3—;; canines i=; Premolars ;—,; molars -—. 
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IV.—A Letter fron Dr. Haruan, addressed to the President, on the 
Discovery of the Remains of the Basilosaurus or Zeuglodon. 


[Read January 9, 1839. ] 


Mr. PrEsIDENT, 


Wir your permission, and at the request of several Members, I offer a few ob- 
servations on the fossil bones from the United States now on the table. 

In the early part of the year 1832 a large fossil vertebra was presented to the 
American Philosophical Society by Judge Bree of Louisiana, found in the ‘‘marly”’ 
banks of the Washita river, Arkansas territory. We then ventured to consider 
it as the vertebra of a large extinct Saurian of a nondescript genus, and proposed 
to name it provisionally Basilosaurus ; the matrix contained a species of fossil 
Corbula, common in the Alabama tertiary deposits ;—these remarks were not pub- 
lished until 1834. In the autumn of the same year a box of similar bones was 
received from the Hon. Mr. Creagh, from his plantation in Alabama, containing 
several enormous vertebre, an os humeri, portions of the jaws and teeth, and some 
other fragments, supposed to belong to the same animal. Specimens of Nautilus, 
Scutella, and Modiolus, of extinct and new species, together with some fossil 
Shark’s teeth, were obtained at the same time, from a similar rock in the vicinity. 
The great disparity in the proportional size of the different bones, which are all 
destitute of animal matter, presents a remarkable feature in the structure of this 
animal ; so much so indeed, that we were at first disposed to refer the large and 
small vertebre to different species; and one rib, obtained at the same time, is 
evidently that of a fossil Manatus. Bearing in view the form and structure of the 
teeth only, we should have been inclined to have ranked the animal amongst the 
marine Carnivora, however unlike those organs in any known species ; but a 
careful examination of the other portions of the skeleton, especially of the lower 
jaw, which is elongated and hollow, appeared to forbid this arrangement, and to 
characterize it as a lost genus of the saurian order. The immense size and pro- 
portions of the vertebra, and the total length of the vertebral column in the two 
skeletons—the one noticed at Alabama, the ‘other at Arkansas—being estimated, 

K 2 


68 Dr. Harwan on the Basilosaurus, &c. 


one at 100 feet, the other 150 feet in length,—the peculiar structure of the ribs, 
the form and size of the humerus, all differ widely from those parts in any of the 
known species of the Cetacea. I nevertheless take pleasure in acknowledging 
that the accurate and laborious investigations, and intelligent observations, made 
by my friend Mr. Owen on these fossils, during the several days they remained 
with him at the Royal College of Surgeons, have thrown new light on their struc- 
ture and analogy. The remarks which we hope to elicit from him on the present 
occasion, with the means he possesses to verify them, will no doubt enable the 
Members to arrive at some final conclusions as to the true position which the 
animal under discussion ought to occupy in the animal kingdom. 

I believe no one doubts that it is generically distinct, at least, from anything 
fossil or recent hitherto discovered. 

I must now be indulged in a few observations on another extinct fossil animal, 
which has occupied much attention. It is the portion of the snout of a Saurian, 
said to be upwards of seventy feet in length, the head being only three or four 
feet long. It was discovered some eight or ten years since by a beaver-trapper, 
on or near the banks of the Yellowstone river, in the territory of Missouri, im- 
bedded in a hard blue limestone rock. On my first examination of this specimen, 
I was under the impression, that it belonged to the genus [chthyosaurus, though 
differing very materially from any species hitherto described ; the structure of the 
teeth, mode of dentition, and the position of the anterior nares, led to this ana- 
logy ; but the separate alveoli, and the form and position of the intermaxillary 
bones, separate it from this genus. 

On my return from Europe in 1833, the memoir on this animal, which I had 
offered through the Transactions of the American Philosophical Society, was just 
passing the press ; I had therefore only time to add the following note :— 

‘« Since writing the foregoing essay, the author has enjoyed a more extensive 
field of observation, in the numerous and magnificent collections of Europe, and - 
has satisfied himself, that the ‘ Missouri fossil’ must be considered as an ex- 
tinct fossil and altogether new, characterized, more particularly in the fragment in 
question, by the extreme length, breadth, and projection of the intermaxillary 
bone, in which it presents a marked difference from any of the genus Ichthyo- 
saurus, and approaches the Batrachian order.” (Vide Transactions of the Ame- 
rican Philosophical Society, 1833 ; and Medical and Physical Researches, p. 148.) 
As the name under which this animal was originally described, must be changed, 
I propose to designate it as the Batrachiosaurus Missouriensis. 


R. HARLAN. 
London, January 9, 1839. 
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V.— Observations on the Basilosaurus of Dr. Haran (Zeuglodon cetoides, 


Owen). 
By RICHARD OWEN, Esa., F.G.S., F.R.S. 
[Read January 9, 1839.] 
Puates VII., VIII., and IX. 


In the recent discussion on the Stonesfield fossil jaws, one of the arguments ad- 

duced in support of the Saurian hypothesis of these jaws was founded on the pre- 
sumed existence of a reptile possessing teeth with double fangs, this reptile being 
the Basilosaurus of Dr. Harlan*. I refused to admit the validity of this argu- 
ment until the teeth had been subjected to a re-examination, with an especial 
view to their alleged mode of implantation, and I adduced as reasons for my objec- 
tion, the instance of the Megatherium, in which the highest authority in Compara- 
tive Anatomy had been deceived in regard to this very point of structure. (See 
ante, p. 61.) But the appeal to the Basilosaurus had rendered it desirable to de- 
termine, not only the actual mode of implantation, but also the general conditions 
of the teeth of that interesting and problematical fossil, and I felt more especially 
desirous to apply to them a test founded on the microscopic examination of their 
intimate structure, which in many other cases I had found to afford very satis- 
factory and unexpected results. ‘The arrival of Dr. Harlan in this country with 
some of the remains of the extinct animal in question, and the permission which 
he has liberally granted me of having the sections of his valuable fossils made 
which I required, have enabled me, much sooner than I could possibly have hoped, 
to arrive at such conclusions, as to the nature of the Basilosaurus, as can be safely 
founded on the dental characters ascertainable by this mode of investigation ; and 
I now, in compliance with Dr. Harlan’s request, proceed to recount the details of 
this examination. 

The parts of the Basilosaurus, relating to the present subject, brought over by 
Dr. Harlan, and now on the table, are two portions of bone belonging to the upper 
jaw ; the larger one containing three teeth (Pl. VII.), the smaller one the sockets 
of two others. 

The crowns of the teeth in the larger portion are more or less perfect, and are con- 
tiguous to each other ; but they are placed rather obliquely, so that the inner surface 


* Medical aud Physical Researches, 8vo, 1835, pp. 337, 349. 
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of the anterior part of the crown of the hinder tooth is on the same line as the outer 
surface of the posterior part of the tooth next in front. They are compressed and 
conical, with an obtuse apex: the longitudinal diameter of the middle one (0.) is 
three inches, the transverse diameter of the same is one inch two lines ; the height 
above the alveolar process two inches and a half. The crown is contracted in the 
middle, so as to give its transverse section somewhat of the hour-glass form* (PI. 
VIII. fig. 1); and the opposite wide longitudinal grooves, which produce this form, 
become deeper as the crown approaches the socket, and at length meet, and . 
divide the root of the tooth into two separate fangs: this fact, which was not 
clearly demonstrated in the original fossil, is proved by the transverse sections 
below the crown of one of the teeth (Pl. VIII. fig. 2). The anterior tooth (Pl. 
VIL. a.) is somewhat smaller than the posterior ones, and presents also a more 
simple structure. The vertical groove is deeper in the two posterior teeth, and, 
in the hindmost (c.), which is much broken, it gives the appearance of two distinct 
simple teeth. Besides the teeth implanted in the jaws as above described, there 
is a fragment of a tooth imbedded in the matrix containing the above pieces, and 
consisting of the base of the crown and beginning of the fangs. The crown of 
this tooth, which is equal in size to the posterior one in place, and was probably 
a tooth of the same jaw, is partly worn down and partly broken, but is so blend- 
ed with the matrix, that its exact form could not be determined. Of this tooth 
I had a transverse section made near to the base of the crown, which presents the 
figure represented in Pl. VIII. fig. 1, and is that form which we may reasonably 
suppose would be characteristic of the old and worn-down teeth of the Zeuglodon. 
The crown is divided into two irregular rounded porticns or lobes, placed one 
before the other, and joined by a narrow neck or isthmus. The anterior lobe is 
the broadest, its grinding surface is subovate, and placed obliquely ; it measures 
one inch, three lines in the long diameter, one inch in the short diameter; the 
posterior lobe is narrower, more regularly ovate with the long diameter (which is 
one inch, three lines), placed parallel with the axis of the jaw. The isthmus is 
about three lines in breadth and two in length; but the breadth diminishes while 
the length increases as the tooth descends in the socket, until it finally disappears, 
and the two portions take on the character of separate fangs. It is evident that 
the pulp which, from the form and structure of the crown, was originally simple, 
has soon become divided into two parts, and that its calcification has proceeded 
towards two distinct centres, which are each separately surrounded by concentric 
strie of growth, the exterior of which sends an acute-angled process into the isth- 
mus uniting the two portions. The cavitas pulpi, which is very small in the crown 


* The term Zeuglodon (Zevy Xn, a yoke, ocous, a tooth,) which I have substituted for that of Basilo- 
saurus, is expressive of this form of the teeth, which resembles two simple teeth linked or yoked together. 
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of the tooth, becomes contracted as the fangs descend, and is almost obliterated 
near their extremities, proving that the pulp of the teeth once calcified is not 
renewed, so that their growth is limited. 

In a fractured anterior portion of the hindmost tooth, the pulp-cavity is seen 
to widen as the tooth descends in the jaw; it is not, however, surrounded, as in 
the section above-described, by concentric striz, but enlarges towards that side 
next the posterior portion of the tooth, as if it were continuous with the enlarged 
pulp-cavity of that portion ; from this appearance it is evident that the growth of 
this tooth was less advanced than the preceding, as might be expected from its posi- 
tion in the jaw. The sockets in the anterior fragment of the upper jaw were filled 
with the hard calcareous matrix, and their condition and extent were but obscurely 
seen: the first is described as being the socket of a double molar, i.e. of a molar 
with two distinct fangs, and the two corresponding cavities are so represented in 
Dr. Harlan’s work*. To remove all doubt upon this point, I have caused to be 
made a transverse horizontal section of the alveolar margin, which shows clearly 
that the sockets of both the absent teeth are single, and that they had single 
fangs. In the anterior one there is an indication of the transverse median con- 
traction of the tooth, which shows that this tooth resembled in form, to a certain 
degree, the posterior tooth. The longest diameter of this socket is two inches, 
four lines, the shortest one inch. The other socket is of a more simple form, viz. 
elliptical, measuring one inch, five lines, by eleven lines; it appears to have origin- 
ally lodged a tooth further displaced from the jaw. The interspace between these 
teeth is one inch, five lines ; the interspace between the second tooth and the one 
behind it, one inch, ten lines. 

Of the fragment of the lower jaw of the Zeuglodon there is a plaster-cast in the 
Society's Museum. It contains four teeth, of which the two posterior are nearly 
contiguous ; the next is separated from them by an interval of an inch and a halt, 
and the most anterior is placed at a distance of two inches from the preceding. 
The anterior tooth is here of smaller size and apparently of more simple form than 
those behind, and it is described by Dr. Harlan asacanine. This interesting frag- 
ment is preserved in the Museum of the Philadelphian Academy ; it confirms the 
evidence afforded by the fragments of the upper jaw, viz. that the teeth in the 
Basilosaur were of two kinds, the anterior being smaller, more simple in form and 
more remote from each other, than those behind. 

Now the animals which have teeth lodged in distinct alveoli, and with which 
therefore we have to compare the Zeuglodon, are certain fishes, as the Sphyrena 
and its congeners; certain reptiles, as the plesiosauroid and crocodilian Sauria, 


* Loc. cit. (Fig. 1. B.C. Pl. XXVL). 
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and the class Mammalia. As there is no known instance of either fish or reptile 
having its teeth implanted by two fangs in a double socket, I shall proceed in the 
first place to compare the above-described general and obvious characters of the 
teeth of the Zeuglodon with those of the Mammalia which most nearly resemble 
them in these respects; and then point out more particularly the discrepancies 
which, in a similar comparison, are observable in the teeth of Reptiles. 

In the true or zoophagous Cetacea, the teeth in each species resemble one an- 
other in form and structure, and are invariably implanted by a broad and simple 
basis in the socket, and never have two fangs. This uniformity and simplicity 
of structure does not, however, prevail in the herbivorous section of the cetace- 
ous order, but the species differ considerably both as to the structure, form, num- 
ber, and mode of implantation of the teeth. In the Manatee the molars have 
two long and separate fangs lodged in deep sockets ; and the anterior teeth, when 
worn down, present a form of the crown somewhat similar to that of the Zeuglo- 
don, but broader, and with the opposite indentations less deeply penetrating the 
crown of the tooth (Pl. VIII. fig. 4). These teeth however, when entire, pre- 
sent a form of the grinding surface very different from those of the Zeuglodon, 
inasmuch as it supports two transverse conical ridges ; while the hinder molars 
differ still more, in having three transverse ridges. 

dine Dugong presents a nearer general resemblance to the Zeuglodon in its mo- 
lar teeth, the anterior ones being smaller and more simple than the posterior, and 
the complication of the latter being due to exactly the same kind of modification 
as in the hinder teeth of the Zeuglodon. ‘The posterior molar has its longitudinal 
diameter increased, and its transverse section also gives an approach to the hour- 
glass figure, in consequence of the tooth being traversed longitudinally by two 
grooves, which encroach upon the substance of the tooth from opposite sides 
(Pl. VIII. fig. 3); there is also in this tooth a tendency to the formation of a 
double fang, and the establishment of two centres of radiation for the calcigerous 
tubes of the ivory; yet the molar teeth are not separated by wide intervals, as in 
the Zeuglodon. 

In the scattered position of the teeth and their general size, we have an equiva- 
lent to the extinct Zeuglodon in the Cachalot; but the teeth in this Cetacean, 
besides being almost confined to the lower jaw, are, as before stated, simple and 
with single fangs. 

After a comparison of the teeth of the Zeug/odon or Basilosaur with those of the 
true Saurians, I cannot find that they possess any one of the known dental pecu- 
liarities of that class. For first, besides their implantation in the jaw by double- 
fangs, they differ from the teeth of all known Saurians in their more complex and 
various forms. 
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They differ from those of the great Mosasaurus and all the Lacertian Reptiles, 
in being freely implanted in sockets, and not anchylosed to the substance of the 
jaws. 

They differ from the teeth of the Ichthyosaurus in being implanted in distinct 
sockets, and not fixed in a common and continuous groove. 

There remain then only the Plesiosaurus, Megalosaurus, Thecodonsaurus, and 
the Crocodilian reptiles with which to compare the teeth of the Zeuglodon. Now 
in these higher reptiles, which have the teeth implanted in distinct sockets, the 
part of the tooth so inserted is always single, and maintains, as it descends, a broad 
base, which is hollow. But in the Zeuglodon, on the contrary, the two fangs 
diminish in size as they sink in the socket, and become consolidated by the pro- 

gressive calcification of a temporary pulp. In all Saurians, moreover, there are 
one or more new or successional teeth in different stages of formation, situated 
close to, or contained in the cavity of the base of the protruded tooth ; but no 
trace whatever of this characteristic Saurian structure has yet been detected in the 
jaws of the Zeuglodon. . 

If, therefore, I had had to give an opinion on the nature and affinities of the 
Zeuglodon from the obvious external characters alone of its teeth, I should have 
concluded from these characters that it was no Reptile, but a mammiferous ani- 
mal, most probably belonging to the cetaceous order, and more nearly allied to 
the herbivorous than to the piscivorous sections of that order as it now stands in 
the Cuvierian System. 

As, however, the so-called Basilosaur has been regarded by some able anatomists 
as affording an exceptional example among the Reptilia of teeth having two fangs, 
contrary, indeed, to all analogy, so in like manner they may prefer to consider the 
facts above-cited, relating to the solidification of the fangs and the absence of 
numerous successional teeth, as exceptional dental conditions in an extinct Saurian 
form, rather than as evidence of the mammiferous nature of the fossil in question : 
I have therefore proceeded to investigate the intimate structure of the dental sub- 
stance in the Basilosaurus, with a view to ascertain whether the evidence thus 
afforded would be contradictory to the previous inferences of its mammiferous 
nature, or give cumulative proofs of their correctness. 

I may premise, that the teeth of the Sphyrena and allied fossil fishes, which are 
implanted in sockets, are distinctly characterized by a continuation of medullary 
or pulp canals, arranged in a beautifully reticulate manner, extending through 
the entire substance of the tooth, and affording innumerable centres of radiation 
to extremely fine calcigerous tubes. 

In the Enaliosaurs and Crocodiles, the pulp-cavity of the tooth, which is analo- 
gous to the subdivided medullary canals in the sphyrenoid fishes, is simple and 
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central, as in the Mammalia. The calcigerous tubuli radiate from this centre to 
every pa.t of the circumference of the tooth, to which they are generally placed 
at right angles*. The whole of the ‘ dentine,’ or ivory of the tooth, is composed 
of these minute tubules and their connecting tissue ; but that part of the dentine 
which forms the crown is covered with enamel, while that part which is placed 
in the alveolus is surrounded with a thick layer of cortical substance, filling up 
the grooves of the fluted base of the tooth. 

In the Dolphins, which have simple conical teeth like the vere reptiles, the 
inserted base is likewise covered with cementum, but the crown with enamel. 

In the teeth of the Cachalot there is no true enamel, but the whole exterior is 
invested with a thick layer of cementum, which is sometimes as thick as the in- 
cluded portion of true tubular ivory. 

In the Dugong, also, both the exposed and inserted parts of the molar teeth are 
coated with cementum, and this substitute for enamel presents the same charac- 
teristic radiated corpuscles or cells as were discovered by Purkinjé in the cementum 
of the human teeth, and of other animals ; but the cementum of the Dugong differs 
from that of the Pachyderms and Ruminants in being traversed by numerous 
fine tubes, pretty closely aggregated, and giving off numerous branches, the cor- 
puscles or cells being scattered in the interspaces of the tubes, which here and 
there communicate with the true calcigerous tubes of the ivory. Now the crowns 
of the teeth of the. Zeuglodon evidently exhibit in many parts an investment of a 
thin layer of a substance distinct from the body or ivory of the tooth, the real 
nature of which investment microscopic examination could alone determine. 

In a fine section of this part of the tooth of the Bastlosaurus, taken from about the 
middle of the exposed crown, I find that this investment is cementum and not ena- 
mel, and that it presents the same microscopic characters as the cement of the crown 
of the teeth of the Dugong. The Purkinjean cells are scattered in some places 
irregularly, in others arranged in parallel rows ; they are about 34 th of a line in 
diameter, generally of an oval form, but with very irregular outlines: the tubes 
radiating from the cells are wider than usual at their commencement, but soon 
divide and subdivide, forming rich reticulations on the interspaces, and com- 
municating with the branches of the parallel larger tubes. These are placed, as 
m the Dugong, perpendicularly to the superficies of the tooth, but are less regu- 
larly arranged than the calcigerous tubes of the ivory, with which, however, they 
form numerous continuations. There is a greater proportion of the cementum at 
the isthmus of the tooth than elsewhere. 

The entire substance of the ivory of the tooth consists of fine calcigerous tubes, 


* The general direction of the ealcigerous tubes is indicated by the fine white lines in figs 1 and 2, 
Pl. VIII. 
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radiating in the section examined from two centres, one in each lobe, without 
any intermixture of coarser medullary tubes, such as characterize the teeth of the 
Iguanodon, and without the slightest trace of the reticulate canals which distin- 
guish the texture of the teeth of the Shark, the Sphyrena and its congeners. 

The breadth of the calcigerous tubes in the Zeuglodon is equal to one-eighth of 
the diameter of an ordinary human blood-disk or globule ; they present a regular 
undulating course, and, like the calcigerous tubes of the Dugong, exhibit more 
plainly the primary dichotomous bifurcations, and the subordinate lateral branches, 
which are given off at acute angles. 

Upon the whole, the microscopic characters of the texture of the teeth of the 
Zeuglodon are strictly of a mammiferous character, and the nature of their investing 
substance limits the comparison of these teeth with those of the few Mammalia 
in which the teeth are devoid of enamel. Among these are the Edentata, inclu- 
ding the Megatherium and its congeners, the Morse, the Dugong and the Cachalot. 
The tooth of the Megatherium contains two kinds of dentine ; the first is a coarse 
central portion with large medullary canals, giving off the short calcigerous tubes 
which occupy the interspaces of the canals, similar to the substance which composes 
the entire tooth of the Orycteropus; and the second is a fine and dense dentine, com- 
posed of minute parallel calcigerous tubes. The cementum of the Megatherium 
is also distinguishable by the large medullary canals which traverse it, and which 
anastomose by loops close to the true or dense ivory. We have therefore suffi- 
cient evidence that the Zeuglodon is not a gigantic edentate Mammal. 

From the Toxodon it differs in the fangs of its teeth, and also in the fact that 
the teeth of the Toxodon are partially covered with true enamel. 

It is to the teeth of the Cachalot and Dugong that those of the Basilosaur offer 
the nearest resemblance in the particulars already cited, and I conceive its position 
in the natural system to have been in the cetaceous order, intermediate between 
the Cachalot and the herbivorous species. 

Dr. Harlan, who has examined with me the sections of the various teeth above 
alluded to, and who is willing to admit the arguments deducible from them in 
favour of the mammiferous nature of the Basilosaur, has himself suggested the 
propriety of substituting another generic name more in accordance with the true 
affinities of the animal, and has consented that the gigantic monarch, as it was 
deemed, of the saurian race, should be deposed *. 


* The fragments of jaw and teeth, humerus, and fragments of rib, were discovered in a limestone rock, 
supposed to belong to a formation more recent than the Maestricht beds, in the Alabama territory. The 
vertebra of the Zeuglodon were discovered by Judge Bree in a tertiary stratum, associated with con- 
glomerate masses of small marine shells, principally belonging to an extinct species of Corbula ; they were 
imbedded in a hill about two hundred yards from the Owachita or Washita river, Arkansas territory, in 
the state of Louisiana. The circumstances which led to their discovery are thus described :— 
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The idea, indeed, that the Zeuglodon was a reptile was not suggested by an 
examination of the teeth, but of the vertebre, of which the most entire speci- 
men is now on the table, being the original from which Dr. Harlan’s figure is 
taken, and respecting which M. Duméril* has already expressed his opinion, 
that it presents the characters rather of a cetaceous than a saurian animal (PI. 
VIII. fig. 6). 

This vertebra most resembles, in fact, the anterior caudal vertebre of the Hy- 
peroodon. ‘The most characteristic proof of its cetaceous nature is afforded by the 
traces of the original separation and subsequent union of the epiphyseal laminar 
pieces constituting the anterior and posterior articulating surfaces of the body, 
while the actual union of these plates indicates a tendency to a higher mammi- 
ferous character ; the same epiphyses, for example, become anchylosed to the 
bodies of the vertebrz in the herbivorous Cetacea as in the mammiferous qua- 
drupeds. 

In the bodies of the smaller vertebrz of the Zeuglodon, however, the articular 
epiphyses are wanting ; and Dr. Harlan himself infers, from the common occur- 
rence of this condition, that there were originally three separate points of ossifi- 
cation in the body of the vertebra}. It is the persistence of this structure, which 
does not exist in any Saurian, that forms the most prominent character of the ver- 
tebre of the Cetacea. It is to the presence of the two depressions or perforations 
in the lower part of the body of the vertebrae, and to the supposition that this 
structure peculiarly characterized the Plesiosaurus, that the belief of the saurian 
character of the Zeuglodon is mainly attributable ; but the fact that this structure 
is present in the vertebree of many Mammalia, and especially of the Whales, en- 
tirely invalidates the inference. 

The vertebre of most Sauria exhibit the articular depressions for the superior 
arch, which, from the want of more intimate union with the body, is generally lost 
in fossil vertebre ; but in the large vertebra of the Basilosaur we have clear proof 

“ After the occurrence of a long spell of rainy weather, a part of the hill slid down near to the water's 
edge, and thereby exposed twenty-eight of these bones, which had been until then covered by an in- 
cumbent mass of earth about forty feet thick. When these bones were first seen they extended in a line, 
which, from what the person living near the place showed me, comprised a curve, measuring upwards of 
400 feet in length, with intervals which were vacant. ‘The person referred to destroyed many of the 
bones by employing them instead of andirons in his fire-place, and I saved what remained from the same 
fate. I think, however, that a great many more bones belonging to the same animal are yet covered, and 
will gradually appear as the soil and marl shall be washed off by the rain.”—xtract from a letter from 
Mr, H. Bree in Dr. Harlan’s Medical and Physical Researches, 8°, 1835, p. 337. 

* Compte Rendu des Séances de l’ Académie des Sciences, Oct. 22, 1838. Dr. Buckland gave a similar 
opinion on the vertebrae of the Basilosaurus on the occasion of the discussion of the affinities of the 


Thylaeotherium, November 21, 1838. 
+ Loe. cit. p. 356. 
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that the superior arch was continuous with the body of the vertebre, as is always 
the case in the mature Mammalia. 

Another argument for the mammiferous and cetaceous character of the Zeu- 
glodon may be drawn from the great capacity of the canal for the spinal chord, 
which, in the Cetacea, is surrounded by an unusually thick plexiform stratum of 
both arteries and veins. The cetaceous character is further manifested in the short 
antero-posterior extent of the neurapophyses, as compared with that of the body 
of the vertebra, in their regular concave posterior margin, and the development 
of the articular apophyses only from their anterior part. 

In one of the caudal vertebre of the Hyperoodon, which measured 84 inches in 
length and 4? inches in height, the base of the superior arch was four inches in 
longitudinal extent, and occupied the same relative position as in the Zeuglodon. 
In the short-tailed Plesiosaurs the bodies of the vertebre are always shorter in 
proportion to their breadth, and the superior arch springs from nearly the whole 
length of their upper surface, and they have no anchylosed transverse processes. 
In the Crocodile, where these processes are present, they are situated higher up on 
the body of the vertebrze. In those vertebre of the Cetacea, with which I have 
compared the vertebra of the Zeuglodon, the transverse processes have the same 
relative position, but they are more depressed. ‘The Zeuglodon, therefore, in this 
respect again shows a tendency to the higher mammiferous character ; the trans- 
verse processes of the caudal vertebrz of the Manatee and Dugong are relatively 
thicker than in the carnivorous Cetacea. Lastly, I may observe that the articular 
surfaces of the body of this vertebra of the Zeuglodon, besides both being more 
uniformly convex than in any saurian vertebre which I have seen, also present 
the strongly-marked concentric striz which characterize the flat or slightly con- 
vex articular surfaces of the Mammalia. 

With respect to the other bones of the Zeuglodon, I may observe that the 
fragments of the ribs present a thick, expanded form and dense texture, which 
strikingly resemble the ribs of the Manatee, and clearly bespeak an aquatic 
Mammal; but the excentric laminated structure of these bones, which Dr. 
Harlan has well described and figured, is peculiar, and unlike any structure 
which I have yet observed in the ribs of either Mammal or Saurian, and it re- 
sembles most the texture of the petro-tympanic bone of the Cetacea (PI. VIII. 
fig. 5). 

One of the fragments of the ribs is decisive also against the supposed affinity 
of the Zeuglodon to the Plesiosaur, since it presents an articular surface on the 
tubercle as well as on the head of the rib. 

The hollow structure of the lower jaw has been adduced as evidence of the 
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saurian nature of the Zeuglodon, but it stands equally good for its cetaceous cha- 
racter, as a section of the lower jaw of the Cachalot demonstrates. 

In the compressed shaft of the humerus (Pl. IX.) and its proportion to the ver- 
tebra, the Zeuglodon approximates to the true Cetacea, as much as it recedes from 
the Enaliosauria ; but in the expansion of the distal extremity and in the form of 
the articular surface, the humerus of the Zeuglodon stands alone. No one can 
contemplate the comparative feebleness of this, the principal bone of the anterior 
extremity, without feeling the justice of Dr. Harlan’s conclusion, that the tail must 

have been the main organ of locomotion of this stupendous denizen of the deep. 

But assuming the humerus to have been part of the same skeleton with the ver- 
tebra, and that this bone truly indicates the power and application of the vertebral 
column of the Zeuglodon, can we suppose this flexible region of the spine to have 
been encumbered with a sacrum and pelvis and hinder extremities ? 

To this conclusion we must arrive if we admit the correctness of Dr. Harlan’s 
determination of the bone which he has described and figured as the tibia. Now 
in this bone, which is fortunately among the portions of the Zeuglodon brought 
over by Dr. Harlan, the enlarged end, called distal, is fractured, so that no part 
of the articulating surface remains; and the projections, called internal and ex- 
ternal malleolus*, are the results of accidental fracture. 

The texture of the bone is laminated and dense like the ribs. The whole frag- 
ment presents a much less compressed form than we should expect to find in one 
of the long bones of the arm or leg of a marine Mammal or Saurian, and it seems 
to be a more probable conjecture, that it is a portion of one of the larger anterior 
ribs than a bone of a hinder extremity. 


In recapitulating the chief points of evidence which, at present, can be brought 
to bear on the question of the affinities of the Zeuglodon or Basilosaurus, it may be 
stated, that the form of the humerus, though unlike that of any known vertebrate 
animal, yet approaches much closer to the mammalian than to the saurian type ; 
the vertebrae, which we have been enabled to examine, not only present a strictly 
mammalian organization, but also the cetaceous modification of that type. The 
teeth being of two kinds, some with single, others with double fangs,—being freely 
implanted in distinct sockets,—consisting only of dentine and cement, and both 
these presenting an intimate structure most closely resembling that of the same 


* Harlan, lce. cit. p.'358. 
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constituents of the teeth of certain aquatic Mammals, as the Dugong,—afford a body 
of evidence which is conclusive as to the class of Vertebrata to which the extinct 
animal has belonged, and point with a high degree of probability to the order and 
family to which it bore the closest affinities. But the organization of the Zeu- 
glodon, so far as it is at present known, forbids any closer approximation with the 
types of existing species. 

The teeth, in their combination of an exaggerated condition of the conjugate 
form,—which is but indicated in certain teeth of the Dugong, with two distinct 
fangs, in their oblique position in the jaw, and the irregular interspaces of their 
alveoli,—present very striking and singular peculiarities ; and when to these dental 
characters we add the remarkable and abrupt contraction of the distal end of the 
humerus, which is nevertheless provided with an articulating surface for a gingly- 
moid joint, and its remarkably diminutive size,—a cetaceous character, which, 
likewise, is here carried to an extreme,—and when we also consider the dense 
laminated structure of the ribs, and the third exaggeration of a cetaceous structure 
in the extreme elongation of the body of the caudal vertebrae,—we cannot hesitate 
in pronouncing the colossal Zeuglodon to have been one of the most extraordinary 
of the Mammalia which the revolutions of the globe have blotted out of the num- 
ber of existing beings. 
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VI.— Description of a Tooth and Part of the Skeleton of the Glyptodon cla- 
vipes, a large Quadruped of the Edentate Order, to which belongs the 
Tesselated Bony Armour described and figured by Mr. Clift in the former 
Volume of the Transactions of the Geological Society; with a consideration 
of the question whether the Megatherium possessed an analogous Dermal 
Armour. 


By RICHARD OWEN, Esa., F.G.S., F.R.S. 
[Read March 23rd, 1839.] 


Pirates X. XI. XII. and XIII. 


THE first notice of the discovery of the osseous remains of the skeleton of a 
large edentate Mammal associated with fragments of a tesselated bony armour, 
similar to that of the Armadillo, appears in the note appended to the end of 
Cuvier’s chapter on the Megatherium, in the 4to edition of the Ossemens Fossiles, 
published in 1823. 

This notice occurs in an extract from a Letter addressed by D. Damasio Lar- 
ranaga, Curé of Monte Video, to M. Auguste St. Hilaire. The facts stated in this 
extract are the following :—A femur was discovered in the Rio del Sauce, branche 
du Saulis-Grande, which weighed seven pounds ; it was short, but might be from 
six to eight inches in width ; it resembled in every respect the femur of an Arma- 
dillo ; with it was found a portion of tesselated bony armour, of which the Curé 
promises to send one of the component pieces (une de ces écailles) to M. Auguste 
Geoffroi. The tail was very short and very stout (trés-grosse) ; it had, in like man- 
ner, a bony armour (des écussons), but this was not verticillate, or disposed in 
rings. These fossils are stated to have been met with near the surface of the earth, 
in alluvium, or strata of transport, indicative of a very recent epoch ; similar fos- 
sils are said to occur in analogous strata near the lake Mirim, on the frontier of 
the Portuguese colonies. 

The notion that the fossils here mentioned belonged to the Megatherium rests 
solely on the circumstance of the worthy Curé having inserted the word Megathe- 
rium as the synonym of his gigantic Dasypus: ‘‘ Je ne vous écris point sur mon 
Dasypus (Megatherium, Cuv.), parceque je me propose d’en faire l’objet d’un mé- 
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moire,” &c. loc. cit. p. 191. The admeasurement which he fortunately gives of 
the femur proves that if that bone really belonged to the Megatherium it must 
have been part of a very young animal ; for whereas the femur of the Megatherium 
is sixteen inches in width, that of the fossil in question has at the utmost only 
half that width. Without laying much stress on the accuracy of Don Larranaga’s 
comparison of his fossil femur with that of the existing Armadillos, I may observe 
that the femur of an Armadillo presents a striking character, in the third trochanter, 
likely to catch the eye of the most superficial observer ; and that if the fossil femur 
in question did actually present this character, it would be decisive against its 
identity with that of the Megatherium. 

Cuvier, however, makes no comment on these discrepancies, but merely observes 
that the Curé’s letter announces or indicates that the Megatherium had pushed its 
analogies with the Armadillos so far, as to be covered like them with a scaly cuirass. 

The next observations bearing upon the present question occur in Prof. Weiss’s 
Geological memoir on the Provinces of S. Pedro do Sul and the Banda Oriental*, 
where certain fossils, collected by the Prussian traveller Sellow in the state of 
Monte Video, are described. 

One of these fossils is the fractured distal end of the femur of the Megatherium ; 
it had been discovered by the Indians, or at least made use of by them in cooking 
their food, in the neighbourhood of the Queguay, one of the tributaries of the 
Uruguay, and was found by Sellow near one of their deserted encampments: the 
fragment belongs to the right femur; the outer condyle is knocked off, and the 
bone is said to be blackened by fire. In short, it had been put to precisely the 
same use as that to which the vertebre of Sir Woodbine Parish’s Megatherium were 
applied by the Peons who discovered that skeleton. No mention is made of any 
armour or portions of armour having been discovered associated with or near to 
this fragment ; but in the ford of the Queguay a Spanish soldier found a fossil, 
which passed into the hands of the Surgeon major, Francisco Meves, and by him 
was given to Sellow. This fossil is figured in Pl. IV. of Professor Weiss’s memoir ; 
he conjectures that it may have formed part of the tail-armour of the Megatherium, 
but allows that it is a fossil of very dubious character. It is unquestionably a 
portion of the dermal bony armour of some loricated animal. 

Sellow also collected, in the neighbourhood of the Queguay, portions of a fossil 
carapace, undoubtedly belonging to a large Tortoise, and to which the name of 
Testudo Sellowii is given by Weisst. 

The portions of tesselated bony armour, figured by Professor Weiss, Pl. I. and 
{I., and described at p. 277 of his Memoir, were obtained by Sellow on the 
Arapeychico, in the province of Monte Video; but no bones, either of the Mega- 
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therium or any other animal, are mentioned as having been associated with them. 
This fossil armour precisely corresponds. with that discovered at the lake Las 
Averias, and brought over to England by Sir Woodbine Parish, and of which a 
portion is figured by Mr. Clift in his memoir on the Megatherium*. 

A third series of fossils, in which fortunately some bones of the extremities were 
discovered associated with the tesselated bony case, was presented to Sellow by 
the President of the province of San Pedro, with the information that they had 
been originally discovered in the proximity of the Rio Janeiro. Now these import- 
ant bones are not described by Professor Weiss ; but he states that they will form 
the subject of a subsequent memoir by Sellow himself. Prof. Weiss, however, gives 
the dimensions of the pieces of the armour, which, as the bones found therewith 
belonged chiefly to the left fore-leg, he conjectures to have belonged to the anterior 
and inferior part of the left side of the carapace. The chord of the longitudinal 
curve of the longest fragment measured twenty-three inches, and the depth from 
the middle of the chord to the under-surface of the concavity was two and a quar- 
ter inches. The chord of the transverse bow or curvature was ten inches, and the 
depth from the middle of the chord to the under surface of the armour four inches ; 
from which Sellow conjectured that the animal must have been ten feet, or fifteen 
palmas long, by seven palmas broad and four and a half palmas high. 

Thus the fossils from South America, noticed in the Berlin memoir, resolve 
themselves into three distinct groups, from three different localities ; first, a bone 
without armour ; secondly, armour without bones ; and thirdly, armour and bones 
mingled together in the same bed. 

Now the portions of tesselated armour from the two localities, viz. Arapey- 
chico and Rio Janeiro, are identical in structure. Professor Weiss’s opinion, that 
they belong to the Megatherium, rests solely on the observation made by Cuvier 
in reference to the note of the Spanish Curé, the bearing of which on the present 
question we have already examined ; it is obvious, therefore, that the bones, found 
with the armour, can alone yield us the information we are in quest of, as to the 
nature of the huge animal so singularly protected. Fortunately for science, and 
for the determination more especially of the present interesting question, these 
bones have been excellently described and illustrated by Professor D’Altont, to 
whom they were confided for that purpose after the decease of Sellow. They include 
the fractured extremity of the humerus, the entire radius and ulna, and a great pro- 
portion of the fore-foot, all belonging, as stated by Weiss, to the left side, and a 
less complete series of bones of the left hind-foot. Not any teeth, or portions of 
the ‘skull accompanied them to Berlin, so that Professor D’Alton restricts his 

* Geological Transactions, 1835, p. 438. 
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general conclusions respecting them to the facts that they are not remains of the 
Megatherium, but of a large edentate species more nearly allied to Dasypus. 

Professor D’Alton, at the conclusion of his memoir, alludes to the notice in the 
Proceedings of the Geological Society of London of the discovery of three skeletons 
of Megatherium in the province of Buenos Ayres, of which two were associated 
with the bony armour. This notice refers to the collection of fossils sent to this 
country by Sir Woodbine Parish ; I need scarcely observe, however, that of the 
three skeletons alluded to, only one is referrible to the Megatherium, and the parts 
of this skeleton which were brought to England have been described by Mr. Clift 
in the memoir already alluded to. No trace of an ossified dermal covering was 
found with or near this skeleton. Of the other two skeletons which were associated 
with the bony armour, portions of the armour alone, without bones, of the one, 
and a few bones without armour of the other, were brought to England ;—the 
latter bones are described in the present paper. 

The skeleton to which they belonged was discovered at Villanueva, in the bed 
of a small rivulet, but the greater part of the bones crumbied to pieces on exposure 
to the air. The only portions which it was possible to preserve were the extremity 
of a jaw with three alveoli; part of the scapula, the distal end of the left humerus, 
the left radius, nearly entire ; two unguial phalanges of the fore-foot; the distal end 
of the left tibia and fibula, anchylosed together ; the left astragalus, calcaneum, 
naviculare, cuboides, and external cuneiform bones, including the three middle 
unguial phalanges of the hind-foot. The shell is described by Sir Woodbine Parish 
as having been situated about a foot below the principal mass of the bones, the con- 
cave side uppermost, and resembling the section of a large cask ; it would not, 
however, bear lifting out of its bed, but broke into small pieces, and crumbled into 
dust almost immediately. 

The small portion of the skeleton which was brought to England was presented 
by Sir Woodbine Parish to the College of Surgeons*, together with the magnificent 
remains of the true Megatherium. Casts of the bones were made by order of the 
College, and presented, together with casts of the bones of the Megatherium, to 
different Museums, and amongst the rest to that in the Jardin du Roi at Paris. 
These casts attracted the attention of M. Laurillard, and Mr. Pentland, who was 
at that time at Paris. M. Laurillard has alluded to them in the following note ap- 
pended to the chapter on the Megatherium in the lately published 8vo Edition (1836) 
of the Ossemens Fossiles. After giving the letter of the Curé Larranaga and Cu- 
vier’s comment on it, Laurillard says, ‘‘ I] serait fort possible que le Mégathérium 
fut en effet récouvert de cuirasses écailleuses ; cependant il ne faudrait pas se hater 
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de lui attribuer les grands fragmens qu’on a trouvés, car les platres envoyés de 
Londres démontrent qu’un Tatou de taille gigantesque existe, avec le Mégathé- 
rium, dans les plaines de Buenos Ayres. Ces morceaux caractéristiques consistent 
dans un calcaneum, un astragale et un scaphoid qui ne s’éloignent de ceux des 
Tatous vivans que par la grandeur et par des différences purement spécifiques *.”” 

Mr. Pentland at the same time assured Sir Woodbine Parish, in a letter of the 
date of December 1835, that the bones which were found associated with the 
armour at Villanueva did not belong to the Megatherium, but to a gigantic. Arma- 
dillo; this opinion he arrived at by comparing the tarsal bones above-mentioned 
with those of the Dasypus gigas. 

There is no question but that the correspondency, above indicated by MM. 
Laurillard and Pentland, in the structure of three of the most characteristic of the 
tarsal bones, sufficiently indicates the general affinity of the extinct animal possess- 
ing them to the Armadillo family ; but I shall hereafter show that the modifications 
of the other bones of the foot are such as to indicate something more than a 
specific distinction. Besides, it was evident both to Mr. Clift and myself, at the 
time when we first examined the fragment of the jaw accompanying these bones, 
that the conformation of the alveoli in that fragment indicated a dentition differing 
more widely from that of the existing sub-genera of Armadillos than their respective 
dental characters differ from one another; we, therefore, hesitated in assigning 
these fossils to the genus Dasypus, hoping soon to obtain further information as to 
the dental character of the species to which they belonged. 

It was at this conjuncture, that Sir Woodbine Parish received the intelligence 
of the discovery of an entire skeleton, covered with its tesselated coat of mail, 
about five feet below the surface, in the bank of a rivulet near the Rio Matanza, 
about twenty miles south of the city of Buenos Ayres ; and with the account of 
this remarkable discovery there was, at the same time, transmitted a drawing or 
sketch of the whole animal, which has since been lithographed, and one of the teeth 
of the fossil itself (Pl. X. fig. land2). This tooth Sir Woodbine Parish obligingly 
submitted to my examination: its general structure proved it to belong to an animal 
referrible to the Edentata of Cuvier; but its form was so peculiar, that I had no 
hesitation in pronouncing it to differ from that of any known edentate animal, 
recent or fossil, and, from its intimate texture, to be indicative of a new sub- 
genus of the Armadillo family, for which I proposed the name of Glyptodon, in 
reference to the fluted or sculptured character of the tooth. A brief description 
of the tooth, with the account of the discoveries of the skeleton, were immediately 
printed, and have been published in Sir Woodbine Parish’s work on Buenos 
Ayres}. Subsequently, the recollection of the fragment of the jaw, with its pecu- 
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har alveoli, occurred to me; and on comparing the tooth of the Glyptodon with 
that fragment, I have found that the largest socket in it agrees in size and form 
with the tooth, and that the longitudinal ridges, which characterize the socket 
and distinguish it from those of the existing Armadillos, precisely correspond with 
the peculiar flutings in the tooth itself. 

Thus, then, the suspicion that the bones, discovered with the tesselated osseous 


coat of mail at Villanueva, might appertain to the same species as the more perfect. 


skeleton and cuirass found near Rio Matanza, is converted into a certainty; and we 
may entertain hopes, that the materials will shortly arrive from which we may ob- 
tain as complete a knowledge of the osteology of the Glyptodon,—the true possessor 
of the hitherto-described tesselated armour,—as exists of the Megatherium itself. 

The Glyptodon differs from the Megatheriwm not only in the form and structure, 
but in the number of its teeth, which appear, from the figure and account trans- 
mitted to Sir Woodbine Parish, to be eight on each side of each jaw, as in the 
section of Armadillos called Cabassous by Cuvier. Judging from the same sketch, 
the Glyptodon differs from all known Armadillos in the form of the lower jaw, 
and in the presence of a long process descending from the zygoma, in both which 
respects it resembles, and evidently indicates a transition to, the Megatherium. 
The same figure shows the tail to be more remarkable for its thickness than its 
length, and to be protected by armour covering only the upper surface like a roof, 
and not encompassing it like the verticillate caudal armour of the Armadillos, in 
both which respects we cannot fail to perceive a correspondence between the 
Glyptodon and the great Dasypus with armour, described as a Megatherium by the 
Curé Larranaga. 

I shall refrain, however, from any further remarks or speculations which might 
be suggested by the figure and notice of the entire Glyptodon, published by Sir 
Woodbine Parish, and proceed to describe the portions of that animal which have 
actually reached this country. 

The molar tooth (Pl. X. fig. 1 and 2) from the Rio Matanza is fractured, but the 
grinding surface, and upwards of an inch of the crown, are quite perfect. The whole 
length of this fragment is two inches and three lines, and there is no indication of a 
diminution in any of its diameters, from the grinding surface to the opposite frac- 
tured end: in this respect it agrees with the form of the sockets in the fragment of 
the jaw of the individual previously discovered, as these sockets terminate abruptly 
without any contraction : from their depth we may conclude that the length of the 


and armour of the Glyptodon, under the name of Hoplophorus, by M. Lund, in the caverns of the valley 
of the Rio das Velhas, Brazil, has been announced in a letter from that gentleman to M. Victor Audouin, 
published in the Comptes Rendus, Avril 15, 1839. Prof. D’Alton has subsequently brought the subject 
of the Glyptodon before the meeting of the German Naturalists at Erlangen, September 1839, and has 
proposed for it the generic name of Pachypus. 
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entire tooth was about four inches; the antero-posterior diameter of the tooth is 
one inch; the transverse diameter varies from six to seven lines. The three 
sockets in the fragment of the jaw give the same general proportions, though they 
vary a little as to size, whence it is shown that the teeth of the Glyptodon are 
much more compressed than those of the Megatherium; they differ still more 
materially in their intimate structure, which corresponds with that of the Arma- 
dillos: the main body of the tooth, or the dentine, consists of fine calcigerous tubuli, 
radiating with a pretty straight course from the medullary cavity ; the dentine is sur- 
rounded by a very thin layer of cementum, and the pulp-cavity, at the upper part 
of the tooth, is consolidated by the ossified remains of the pulp, which is harder than 
the surrounding dentine. The teeth of the Glyptodon, however, differ in a marked 
degree from those of all the known species of Armadillo, in being traversed, through 
the whole length of both their outer and inner sides, by two broad and deep angular 
grooves, each extending from the opposite sides about one-third of the transverse 
diameter of the tooth, so as to divide the grinding surface into three portions, joined 
together by the contracted isthmus interposed between the opposite grooves. Of 
these portions the posterior one is broader than the other two. The sockets pre- 
sent longitudinal angular ridges, corresponding to these channels or flutings, and 
prove that they were continued through the whole length of the tooth ; this is slightly 
curved, and the concavity is turned inwards in the teeth of the lower jaw, as in the 
Toxodon. I have elsewhere observed that the teeth of the Glyptodon exhibit a more 
complicated form than those of any recent or extinct edentate species hitherto dis- 
covered, and seem to indicate a transition from the Edentata to the pachyder- 
matous Toxodon: it will be hereafter seen that the modifications of the locomotive 
extremities bespeak a similar tendency in the Glyptodon to the multungulate 
Pachyderms. 

The fragment of the jaw of the Glyptodon, discovered at Villanueva with the 
other bones now about to be described, consists of a portion broken off from near 
the extremity of the left ramus, and includes three alveoli, which slightly increase 
in size as they are placed farther back ; this circumstance, as well as the anterior 
position of the sockets, correspond with the sketch of the entire Glyptodon, already 
published by Sir W. Parish, and make us regard with more confidence the indi- 
cations of an affinity to the Megatherium in the double flexure of the lower jaw, and 
the long descending process from the zygoma represented in that sketch. As the 
general correspondence of the conformation of the alveoli with the structure of the 
teeth has already been noticed, it is only necessary to subjoin their dimensions. 
The antero-posterior diameter of the first is ten lines; the transverse diameter of 
its posterior division, which corresponds to the broadest part of the tooth, is five 
lines ; the antero-posterior diameter of the second socket twelve lines ; its trans- 
verse diameter six lines and a half; the antero-posterior diameter of the third 
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socket thirteen lines ; its transverse diameter cannot be determined, the inner wall 
of the socket being broken away. 

Humerus.—The distal half of the left humerus exhibits a thick projection beyond 
the internal condyle, and a broad, thin, and well-produced supinator ridge above 
the external condyle, which, with the articular trochlea for the antibrachial bones, 
are closely conformable with the structure of the humerus in the Armadillos ; but 
the internal condyle is not perforated, and the depressions above the trochlea, 
both in front, and more especially that behind, are relatively deeper. The twist of 
the humerus is strongly marked; the base of the strong deltoid trochanter is discern- 
ible at the fractured extremity of the bone; but on the opposite side there is a rugged 
raised surface for a muscular insertion, of which I do not perceive the analogue 
in the Armadillos. The humerus of the Megatherium, notwithstanding it apparently 
offers the same exception among Edentata with that of the Glyptodon in the im- 
perforation of the internal condyle, differs widely from the present bone in the ex- 
traordinary expansion of its distal extremity, especially of the external condyle. 

Radius.—YVhe radius of the Glyptodon, in its comparative shortness and general 
form, likewise corresponds very closely with that of the Armadillos ; it differs prin- 
cipally in being less compressed. The proximal, semioval, articular surface, which 
plays upon the anterior part of the trochlea of the humerus, is, in the transverse 
direction, convex on the inner and concave on the outer side; the inner part of 
the proximal end is much produced: the posterior surface of the bone is traversed 
longitudinally by a deep and wide rugged groove ; the bone assumes somewhat of 
a trihedral figure towards its distal end; the anterior ridge is produced below the 
distal articulation in the form of an obtuse, sub-compressed process ; the posterior 
ridge terminates in a broad rugged process ; the radial, which in the prone position 
of the bone becomes the inner side of the distal extremity, is much produced ; 
the distal articular concavity is formed by an oblique excavation leading down- 
wards from the posterior towards the anterior margin of the distal end; the 
articular surface is divided by an oblique groove into two parts, and in some species 
of Armadillo this groove is represented by an entering notch. 

The description and figure which Professor D’Alton has given of the radius, which 
forms one of the series of bones associated with the bony armour described by 
Professor Weiss, proves them to belong to a species of Glyptodon identical with 
the present: the characteristic process from the fore-part of the distal end of the 
radius appears, however, to be broken off in Sellow’s specimen ; and the bone is 
about one-fourth smaller, belonging, as the separate epiphyses demonstrate, to an 
immature individual. The radius here described measures seven inches and a half 
in length, and three inches across its distal end. 

The perfect radius of the Megatherium, forming part of the skeleton brought to 
this country by Sir Woodbine Parish, fortunately affords the means of a close com- 
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parison between it and the corresponding bone of the Glyptodon. It measures 
twenty-eight inches in length, and six inches and a half across its distal end. 

Besides the disparity of size, which is most striking—the radius of the larger 
Edental being more than three times greater in every dimension,—we find well- 
marked differences in all the details of its conformation: its proximal articular 
surface is subcircular and uniformly concave; the margins of this concavity are 
not extended in any direction, so as to overhang any part of the shaft of the bone ; 
this shaft is compressed, and the radial edge produced; the concave distal arti- 
cular surface is nearly at right angles with the axis of the bone, and there is no pro- 
cess developed from its anterior part. The Megatherium, in deviating from the 
Glyptodon in all these points, deviates of course in the same degree from the Arma- 
dillo-tribe. 

To judge from the figure which Professor D’Alton has given of the ulna of 
Sellow’s Glyptodon, this bone equally illustrates the affinity of the latter animal to 
the Dasypodoid, and its deviation from the Megatherioid families of Edentata. 

Two unguial phalanges, which, from their obliquity, had been referred by Mr. 
Clift to the fore-foot, are proved to be correctly so referred by the memoir of Pro- 
fessor D’Alton, in which the bones of nearly the entire fore-foot are excellently 
described and figured. The difference in size between the bones so figured and the 
present phalanges corresponds exactly with that which has been noticed in the 
radius of the two specimens ; the smaller phalanx in the present collection belongs 
to the third, the larger to the fourth toe, of the left fore-foot. In both, the proxi- 
mal extremity offers a double shallow articular pulley ; it is placed obliquely, so 
that the end of the bone must have been inclined somewhat downwards. ‘The 
upper and outer margin is produced; the bone is thicker on the inner than the 
outer side, towards which it slightly bends ; the upper surface is evenly convex, 
but pitted with numerous vascular impressions, which are strongest at the margin ; 
the under surface of the phalanx presents a rough, convex protuberance, occupying 
the posterior half of the under surface. 

Of all Edentata, existing or extinct, the species of the genus Dasypus are those 
to which the Glyptodon makes the nearest approach in the structure of the un- 
guial phalanges ; but in their shortness, as compared with their breadth and depth, 
these bones of the Glyptodon resemble still more the unguial phalanges of the 
Pachyderms: the middle and proximal phalanges of the fore-foot of the Glyptodon, 
which are described and figured in the memoir of Prof. D’Alton, differ from those 
of both the Armadillos and the Pachyderms in their very remarkable shortness, 
and in the flatness of their articular surfaces. The short, broad, depressed terminal 
phalanges of the Glyptodon must have been encased in correspondingly short and 
strong hoof-like claws, and have presented a striking contrast with the foot of the 
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Megathertum. The long and compressed claw-bone of this gigantic Edental, with its 
basis encompassed by a bony unguial sheath, bespeaks the fore-foot to have been 
an instrument, the use of which, in scratching and digging, and perhaps occasion- 
ally defending its possessor, were of more consequence in the living economy of 
the individual, than mere subserviency to support and progression. The peculiarly 
compact and robust structure of the foot of the Glyptodon, on the other hand, is 
eminently suggestive of such a subserviency, and more especially as the base of a 
column of support ; but as this fore-foot was associated with a rotatory condition 
of the radius, it is probable that the Glyptodon had the power of applying its ante- 
rior extremities to all the purposes to which the Armadillos, its nearest congeners, 
apply theirs. 

Of the posterior extremities, Sir Woodbine Parish’s collection of the bones of the 
Glyptodon include the anchylosed distal extremities of the tibia and fibula; an 
astragalus, calcaneum, scaphoides, cuboides, external cuneiform bone, the three 
phalanges of the second toe and the middle and distal phalanges of the third and 
fourth toes, with a few sesamoid bones ; all belonging to the left side*. 

Sellow’s collection also included most of these bones, but in a less perfect con- 
dition than the present. Both collections, while they establish the identity of the 
species possessing the ponderous bony covering, at the same time prove the close 
correspondence which subsists between the fore- and hind-feet of the Glyptodon in 
general form and structure. | 

Tibia.—Sufficient of the tibia remains to show that it had the compressed form 
and excavated inner surface characteristic of that of the Armadillos ; that a similar 
wide space separated it from the fibula, with which it is also anchylosed ; and that 
the anterior margin of the bone was continued obliquely as a strong ridge to the 
inner angle of the distal surface. The distal articular surface presents two conca- 
vities separated by a convexity, the outer hollow being the largest and deepest ; the 
external malleolus forms a well-marked process, as in the Armadillos ; at the back 
part of the tibia we find also two well-marked tendinous grooves separated by a 
projecting ridge. The corresponding part of the skeleton of the Megatherium devi- 
ates widely in the proportions of the tibia and fibula, and in the conformation of 
the distal articular surface from that of the Glyptodon. 

Astragalus.—The upper surface of this bone (Pl. XI. fig. 3) describes a regular 
convex curve in the antero-posterior direction; transversely it forms, as in the 
Armadillo, two marginal convex trochlez, separated by an intermediate wide con- 
cavity: the internal or tibial trochlea is somewhat lower and broader than in 
Dasypus, in which respects Glyptodon manifests an approximation to Scelidothe- 
rium+, which, in the structure of its astragalus, presents an intermediate step in 

* Pl. X. fig. 3. + Fossil Mammalia of the Voyage of the Beagle, 4to, Pl. XXVI. figs. 2, 4 and 6. 
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the gradation from the Armadillo to the Sloth. In the astragalus of the Glyptodon 
a rough surface encroaches in the form of a concave notch upon the anterior 
margin of the tibial articular surface, as in the Dasypus gigas: the astragalus, 
anterior to this part, is extended forwards in the form of a rough convex protube- 
rance, which overhangs the scaphoid articular surface (Pl. XI. fig. 4, a); the aspect 
of this articular surface is obliquely downwards and forwards, so that the whole of 
it is visible when we look upon the inferior surface of the astragalus : in the antero- 
posterior direction the scaphoid articular surface is nearly flat, very slightly con- 
cave anteriorly, and as slightly convex posteriorly ; in the transverse direction it 
is regularly convex. Such a structure and disposition of the scaphoid articulation 
does not exist in any Armadillo; and the deviation on the part of Glyptodon from 
Dasypus in this respect is greater than any of the specific differences observable in 
the several Dasypi. The peculiar transverse extension of the articular surface for 
the scaphoid is well shown when the astragalus of the Glyptodon is viewed from 
the inner or tibial side, as in fig. 5, where this surface, surmounted by the tubero- 
sity above described, is directed towards the right hand. The tibial articular 
surface encroaches only a slight way upon this side of the astragalus. The outer 
or fibular surface of the astragalus presents, in Glyptodon, a remarkably regular 
triangular figure, of which the upper and longest side is slightly convex, while the 
two lower sides are straight and equal ; the fibular articular surface encroaches about 
half-way down this surface, but further posteriorly than anteriorly: the reverse of 
this is seen in the Armadillos, the astragalus of which also never presents this tri- 
angular form. The astragalus, indeed, of the Scelidothere, which in other respects 
more nearly resembles that of the Megathere, resembles that of the Armadillos in 
the form and condition of its outer facet more than does the astragalus of the 
Glyptodon. On the inferior surface of the astragalus of Glyptodon we perceive 
that the internal facet for the articulation with the calcaneum (Pl. XI. fig. 4, 8) is 
separated by a rough groove, as in the Armadillos, from the scaphoid articular 
surface (a). In the Armadillos, however, the inner calcaneal surface is flat, or 
slightly convex ; in the Glyptodon it is remarkably concave in the antero-posterior 
direction. ‘The outer calcaneal facet (ib. fig. 4, c) is almost perfectly flat in Gly- 
ptodon ; it is concave in all the Armadillos: both these differences may be regarded 
as something more than merely specific. 

Os calcis*.—In the calcaneum we of course perceive a corresponding difference 
between Glyptodon and Dasypus ; the inner articular surface being flat in the for- 
mer and convex in the latter, while the outer articular surface presents the reverse 
conditions. The inner surface of the posterior projecting part of the calcaneum 
is more concave in Glyptodon than in Dasypus ; the under surface is broader and 

* PI. XIII. figs. 4 and 5. 
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flatter, and the posterior surface is produced in the form of a strong ridge below 
its level. The anterior articular surface for the os cuboides is relatively smaller 
than in the Armadillos ; it is flat instead of concave, with the lower part bent for- 
wards at an open angle with the vertical part of the surface: there is a much greater 
extent of rough surface on the anterior part of the calcaneum, below the cuboidal 
facet, than exists in the Armadillos ; with these differences, however, the os calcis 
of the Glyptodon presents a much closer correspondence to that of the Armadillos 
than to that of the Megatherium. 

Scaphoides*.—I have already spoken of the peculiar aspect of the scaphoidal 
articular surface in the astragalus of the Glyptodon : the verticality of the articular 
surfaces upon the scaphoid bone for the cuneiform bones is produced by the great 
thickening of the lower part of the scaphoid as compared with the upper, which thus 
compensates for the obliquity of the articular surface on the astragalus. The sca- 
phoid bone of the Glyptodon presents a remarkably compressed form ; the poste- 
rior articular surface (Pl. XI. fig. 1, a) is concave, chiefly in the transverse direc- 
tion, and corresponds in size and form with the opposed surface on the astragalus ; 
a rough flattened margin, of about half an inch in breadth, intervenes between the 
posterior and anterior vertical articular surfaces, at their upper and outer parts. 
The tibial side of the scaphoid is produced and thickened, and is irregularly rounded ; 
a very peculiar elongated conical and slightly twisted process (2b. b) is continued 
from the middle of the inferior thickened margin ; the base of this process is sepa- 
rated by a smooth notch from the internal protuberance. The articular surface for 
the external cuneiform bone (2d. fig. 2, c) is the largest of the three and of a semi- 
lunar figure; the middle articular surface (2b. d) is in the form of a narrow verti- 
cal ellipse ; the internal surface (ib. e) looks inwards and forwards, as in the Arma- 
dillos : external to the cuneiform articular surfaces there is a small narrow vertical 
facet for a part of the os cuboides. 

Notwithstanding the peculiarities which have been pointed out, the scaphoides 
of the Glyptodon resembles that of the Armadillos much more than it does that of 
the Megathere, from which it differs more especially in the uniform concavity of 
the posterior articular surface. 

The external cuneiform bone of the Glyptodont+ differs from that of the dificeemt 
species of Dasypus in its remarkably compressed form ; it is, in fact, a simple trian- 
gular plate of bone, with the posterior surface smooth and very slightly concave 
for the articulation with the scaphoid; the anterior surface very slightly convex 
for the articulation with the metatarsal of the third toe: the outer contour of the 
bone is convex, the inner one concave ; the anterior articular surface encroaches 
a little on this side to join a portion of the metatarsal of the second toe: on the 

* Pl. XI. figs. 1 and 2. - PLXS ies 3, C7 
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under and outer side of the bone there is a very small facet, which touches the 
cuboides. The external cuneiform bone of the Megathere differs from that of the 
Glyptodon in being thicker as well as broader at its upper part; but, upon the 
whole, the external cuneiform bone of the Glyptodon resembles that of the Mega- 
there more than it does that of the Armadillos. 

The os cuboides of the Glyptodon* deviates still more than the scaphoid bone 
from its analogue in the Armadillos in its remarkable antero-posterior compression: 
it presents an irregular oblong figure, thicker at its inner than its outer margin ; 
the posterior surface presents a small convex articular surface for that of the os 
calcis, like which, the curve of the lower part is slightly angular ; this surface is 
near the upper and outer margin of the bone ; on the inner margin there is a long, 
narrow, sub-elliptic facet for the scaphoid. The inferior surface of the cuboid 
(Pl. XI. fig. 6) is divided by a deep and wide groove for the tendon of the peroneus 
muscle ; above which is the triangular surface for the metatarsals of the two outer 
toes, which is bounded above by a rather sharp edge. The posterior part of the 
lower surface of the cuboid, like the adjoining part of the calcaneum, is smoothed 
down by the playing of the strong flexor tendons of the toes. 

The middle and inner cuneiform bones are wanting ; but it is evident from the 
space intervening between the second metatarsal bone and scaphoid, that they must 
have resembled the external cuneiform in their antero-posterior compressed shape. 

The metatarsals of the three middle and largest toest are fortunately preserved and 
entire ; and here we have the most striking deviation from the existing Armadillos, 
in the extreme shortness of these bones, in none of which does the longitudinal or 
antero-posterior diameter equal either the transverse or vertical diameters. 

The second metatarsal presents somewhat of a wedge-shape, broadest at its 
lower and inner sides, and narrowest at its upper and outer sides ; posteriorly it 
presents a flat surface for articulating with the middle cuneiform bone, which arti- 
culation is two inches in vertical extent and an inch and a quarter across the upper 
part, and proves the middle cuneiform bone to have been much smaller than the 
external one above-described ; this articular surface of the second metatarsal is con- 
tinuous at its upper and outer angle with a small triangular facet, which articulates 
with the external cuneiform bone ; a third oblong articular surface is continued from 
the preceding upon the greater part of a depression on the outer surface of the bone, 
and this articular surface is applied against a corresponding one on the upper and 
back part of the middle metatarsal. The articular surface on the anterior part of 
the bone for the first phalanx of the second toe is slightly convex, longer in the 
vertical than the transverse directions. At the under part of the bone are two 
trochlear surfaces for two sesamoid bones. 
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The third or middle metatarsal bone is the largest of the three; it diminishes 
in breadth, but greatly increases in antero-posterior thickness from the upper to 
the lower surface: the posterior articular surface is very slightly concave, and is 
nearly exclusively applied to the external cuneiform bone above-described : a small 
portion is deflected forwards from its upper and inner side to be applied to the 
oblique facet in the depression on the outer side of the second metatarsal: there is 
a similar depression and articular facet on the upper and outer side of the present 
metatarsal, in which a corresponding process of the fourth metatarsal is wedged. 
By this structure the three principal metatarsals are interlocked together, and any 
force or concussion from the toes would thus be transferred not only directly back- 
wards to the tarsal bones, but obliquely from one metatarsal to another, whereby 
peculiar strength and security is given to the bony compages of the foot. The 
anterior surface of the middle metatarsal is slightly convex, two inches long by one 
and three quarters wide, which gives an idea of the bulk of the first phalanx of the 
middle toe: the under part of the present metatarsal bone presents two broad 
concave grooves for large sesamoid bones. 

The fourth metatarsal is smaller than the second; its outer rough surface is 
convex, its inner one nearly straight, but with a small concave facet bounded by a 
raised ridge, and adapted to the convex articular surface in the depression on the 
opposed surface of the third metatarsal: the oblong posterior articular surface 
adapted to the os cuboides is slightly concave, with the transverse diameter equal 
to half the vertical one: the anterior surface for the fourth toe is triangular and 
nearly flat; there are two sesamoid grooves on the under part of this metatarsal 
bone. There are no remains of the small external or fifth toe, but its existence is 
indicated by a very small flat articular facet on the outer side of the fourth meta- 
tarsal bone, and by the extent of surface on the cuboid which it leaves uncovered. 
There is no evidence of the relative size of the first or innermost toe. 

The three phalanges of the second, and the middle and distal phalanges of the 
third and fourth toes, are fortunately preserved. The proximal phalanx of the 
second toe* is a vertically oblong, compressed, plate of bone, thicker above than 
below in the antero-posterior direction ; a protuberance rises from the middle and 
posterior part of the upper surface ; the lower margin presents a deep and narrow 
notch. The posterior surface is slightly concave, the anterior one flat, with a 
rough spot in the centre. The second phalanx of the same toe+ is still more com- 
pressed ; its greatest length or antero-posterior extent, which is at the upper part, 
measures only six lines, whilst its vertical diameter is twenty lines, and its trans- 
verse diameter seventeen lines; its lower margin is notched like the preceding 
phalanx, and at the middle of the posterior articular surface there is a central 
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depression: from the very slight extent of motion allowed by these flattened arti- 
culations of the toes, one cannot be surprised that the synovial bag should be in 
part obliterated, as these rough places in the centre of the articulating surfaces 
would seem to indicate. The form of the anterior articulating surface of the second 
phalanx is shown in Pl. XII. fig. 3. 

The distal or unguial phalanx of the second toe* presents a very remarkable 
form ; it is suddenly expanded, in breadth and depth, immediately beyond the 
articular facet for the preceding phalanx, and this facet appears thus to occupy 
only the middle of the posterior surface, and to be surrounded by a broad rough 
margin. ‘This surface is not placed at right angles to the long axis of the phalanx, 
but slopes from above downwards and forwards at a very acute angle with the 
upper surface, so that the apex of the phalanx points almost directly downwards ; 
the inferior boundary of the posterior surface forms a rough ridge, separated by a 
smooth narrow concavity from the anterior border of the phalanx: the superior 
sloping surface is slightly convex, and deeply pitted and sculptured with vascular 
grooves and impressions. 

The unguial phalanx of the third toef is broader but shorter than the preceding, 
and is of a more symmetrical figure: the lower margin of its posterior surface 
forms a broader ridge, and the articular surface is a little more convex, but the 
resemblance is otherwise very close. The unguial phalanx of the fourth toe has 
the same general form as the preceding, but is smaller ; like the last phalanx of 
the second toe, it is unsymmetrical, but from a different modification: in the 
second toe the inner margin is rounded off towards the outer ; in the fourth toe the 
outer margin is rounded off towards the inner. The middle phalanx of the third{ 
and fourth toes is more square-shaped and broader than that of the second ; it 
has the same general compressed form, with nearly flat articular surfaces, but, 
being narrower above, it resembles an inverted wedge ; it is also notched, but less 
deeply, below, and has an articular facet for a sesamoid bone on each side of the 
notch. 

When the bones of the hinder extremity above-described are arranged in their 
natural relative positions, they present to our observation the framework of a foot 
of such a construction and form as I may venture to say is without a parallel in 
the animal kingdom: the nearest approach to its broad, thick, short, and massive 
proportions is made by the skeleton of the fossorial extremity of the Mole; but 
it is the fore-foot only of this animal that can be compared, in the compressed 
bulky figure of the metacarpals and proximal and middle phalanges, with the 
singular hinder extremity of the Glyptodon above-described. The hind-foot of the 
Mole resembles, in the lengthened metatarsal and phalangeal bones, that of the 

* Pl, XIL fig. 1, 3; fig. 5. + Ibid, fig. 6. + Ibid, fig. 4. 
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existing Armadillos, and the generality of quadrupeds. It might be conjectured, 
that the Megatherium, since its hind-foot is well known to be very apocryphally 
restored in the Madrid skeleton, may approximate in some degree in this part of 
its skeleton to the Glyptodon, especially if the hypothesis be admitted that the 
Megathere was in like manner laden with a ponderous coat of armour. But the 
structure of the terminal phalanges of the Megathere at all events differs most 
widely from that which we have just described in the Glyptodon: the compressed 
lengthened shape is as extreme in the claw-bones of the one, as the depressed 
shortened figure is in those of the other extinct quadruped. In the Glyptodon 
the foot appears to be expressly modified to form the base of a column destined 
to support an enormous superincumbent weight: in the Megatherium one would 
infer that the bulky body had not been clad in an expanded bony coat of mail, 
from the very circumstance that the toes were developed to sustain and wield 
long and compressed claws, such as form the compensating weapons of defence of 
the hair-clad Sloths and Anteaters. The unguial phalanges of the mailed 
Armadillos, in their shorter, broader, and flatter form, make a much nearer ap- 
proach to those of the Glyptodon. We may readily admit, indeed, that the hind- 
foot of the Glyptodon is an extreme modification of the same general plan of struc- 
ture as that on which the foot of the Armadillo is constructed; but if we were led 
to conclude that the differences in the tarsal bones exceeded those which were 
traceable in the same bones between one species of Armadillo and another, @ for 

tori we must admit that the antero-posterior compression of the metatarsals 
and phalanges, and the total suppression in these of the ginglymoid trochlear arti- 
culations in the Glyptodon, are indicative of a difference of general habits much 
greater than is usually observed in species of the same genus. 

The dental modifications already described are conformable with, and in fact 
lead irresistibly to, the same opinion respecting the nature and affinities of the 
Glyptodon, as that to which we have been conducted by an examination and com- 
parison of the locomotive organs: and it may be concluded, therefore, that the 
extinct edentate animal, to which belongs the fossil tesselated osseous armour 
described by Weiss, Buckland and Clift, cannot be called an Armadillo, without 
making use of an exaggerated expression, and still less a species of Megatherium; 
but that it offers the type of a distinct genus, which was much more nearly 
allied to the Dasypodoid than to the Megatherioid families of Edentata, and, most 
probably, connected that order of quadrupeds with the heavy-coated Rhinoceroses 
of the Pachydermatous group. 

The question which may next arise, is, whether the tesselated. armour described 
and figured by Prof. Weiss be specifically identical with that brought over by Sir 
Woodbine Parish, and described by Dr. Buckland and Mr. Clift. Their ex- 
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tremely close resemblance in point of structure will be manifest to whoever com- 
pares Plates I. and II. of Prof. Weiss’s Memoir with Pl. XLVI. of Mr. Clift’s paper : 
the polygonal pieces in the former are, however, generally a little smaller than 
those figured by Mr. Clift ; yet some portions in Prof. Weiss’s figures, as PI. I. fig. 3 
t. 1, fully equal in size the largest polygons in the English specimens, and the 
whole of his elaborate description tends to prove that the portions of armour dis- 
covered by Sellow and Sir Woodbine Parish belong to the same species of extinct 
animal. If, however, there were no other grounds for this opinion than the com- 
parison of the coat of mail, we could not arrive at a perfectly satisfactory conclu- 
sion in consequence of the near resemblance which some species of Armadillo 
present in the structure of their tesselated armour; fortunately, however, the parts 
of the skeleton transmitted along with the armour by both Sellow and Sir Wood- 
bine Parish, afford the means of arriving at positive certainty on this point. The 
radius and a few bones of the hind-foot of Sellow’s specimen are sufficiently 
perfect, and their delineations by the highly-esteemed pencil of Prof. D’Alton are 
sufficiently characteristic and exact, to show them to be identical in form and 
structure with the corresponding bones of the Glyptodon, here described. Sellow’s 
specimen was, however, as we have seen, a younger individual than Sir Wood- 
bine Parish’s, the epiphyses of the radius not being united, and the bone about 
one-fifth smaller. All the other bones of Sellow’s specimen, which are sufficiently 
perfect to be compared with Sir Woodbine Parish’s, show a corresponding infe- 
riority of size, together with the other indications that the animal had perished 
ere it had attained its full growth. 

Thus, then, we obtain proof that the only portions of tesselated armour trans- 
mitted to Europe, with the conditions requisite for determining the species to which 
they belonged, testify to their having formed part of the structure of an edentate 
animal, widely different from, and much smaller than, the Megatherium. 

Does it therefore necessarily follow, it may then be asked, that the Megatherium 
was not in like manner covered with a bony coat of armour? Undoubtedly it does 
not. But the proof or the probability that it was so armed, must at present repose 
on arguments afforded either by modifications of the skeleton analogous to those 
which in the Armadillos have relation to their osseous coat of mail, or by other 
peculiarities indicative of a similar relation. 

Our distinguished President, Dr. Buckland*, has called attention to the broad 
and rough flattened surface of a part of the crest of the widely-expanded ilium, to 
the breadth of the summit of the spines of many of the vertebrz, and also of the 
superior convex bend or angle of certain ribs, as affording ‘‘ evidence of pressure 


* Bridgewater Treatise, vol. i. pp. 160 and 161. 
VOL. VI.—SECOND SERIES. O 


98 Mr. Owen on the Glyptodon clavipes. 


similar to that we find on the analogous parts of the skeleton of the Armadillo :” 
he has likewise adduced the massive proportions of the hind-legs and tail, as con- 
ditions consistent with the necessity for carrying so ponderous a cuirass as that 
which he supposes to have covered the body of the Megatherium. 

But the above-cited modifications of the vertebra, pelvis and ribs are more 
strongly marked in the skeleton of the Anteater and Sloth than in that of the 
Armadillo ; and if the skeleton of this mailed Edental be studied in reference to its 
subserviency to the support of the dermal armour, the modifications for this end 
will be found to be widely different from, and more striking than, any which have 
been pointed out in the remains of the Megatherium. 

The modifications of this nature which we observe in the pelvis of the Armadillo, 
are the following :— 

Ist. The anchylosis of a great number of vertebra, so as to form a very long 
sacrum, which, in the Dasypus tricinctus, for example, includes twelve vertebre*. 
2ndly. The great antero-posterior development of the spines of these vertebre, 
which thus form a continuous vertical ridge of bone, bearing immediately the super- 
incumbent weight, and, in some species, as in the Dasypus tricinctus, by the corre- 
sponding development of a ridge from the median line of the under surface of the 
armour. Srdly. This weight is transmitted from the sacrum to the thigh-bones — 
by two converging bony columns on each side: one of these is formed by the 
ischium, which is anchylosed to the posterior part of the sacrum; the second 
and more characteristic mode of transferring the weight of the armour from the 
sacrum to the femur, is by the conversion of the iliac bone into a stout three-sided 
beam, passing straight from the thigh-joint to abut against the anterior part of 
the sacrum, where the weight of the shell is greatest. In no species of Armadillo 
is the ilium expanded ; in some species a small angular process projects outwards 
from the sacral, or upper extremity of that columnar bone ; in others, as the 
D. tricinctus, there is not even this feeble representative of the expanded ilia of the 
Megatherium. The Megatherium, in fact, resembles the Elephant in the size, form 
and position of its iliac bones, as well as in their expanded and flattened labrum, more 
nearly than it does any other existing quadruped. The Edentata which make the 
nearest approach to this characteristic structure of the Megathere are the Sloths, 
and next to them the great hairy Anteater (Myrmecophaga jubata). ‘To argue that 
the broad and flattened ilia of the Megatherium are conditions of those bones by 
which they are adapted to sustain a heavy coat of bony armour, seems to imply 
that a continuous transverse wall would be a better support to a solid and un- 
yielding roof than the judicious disposition of a less amount of material in the 


* Pl. XIII. fig. 1. ¢, ¢. 


Mr. Owen on the Glyptodon clavipes. 99 


form of beams. Ifa covering consist of flexible material, then the surface of sup- 
port must be to a certain extent continuous or extended ; and it would seem that it 
is on this principle that the iliac bones of the Elephant are arched outwards so as 
to afford an extended surface of support to its yielding, though dense, integument : 
we may therefore presume that a like relation subsisted between the expanded ilia 
of the Megatherium and its integument. The compact covering of the Armadillo 
rests upon a more contracted basis ; and when we compare the mechanism of this 
support with the scaffolding of an inflexible roof, the same principle may be traced 
in both the natural and artificial architecture. It is by this chain of reasoning 
that I have been led to a conclusion, in respect of the relations of the iliac bones 
of the Megatherium to its integument, different from that which has been cited. 
But the part of the pelvic structure of the Megatherium, which, perhaps, tells the 
strongest against its possessing a ponderous coat of mail, is the paucity of the sacral 
vertebrz, conjoined with their structure. These, instead of being ten or twelve, do 
not exceed four in number, and they are further characterized by the comparatively 
small size of their spinous processes, which are not locked together as in the 
Armadillos, but are separated by intervals as in the Sloths. 

It will be remembered that the estimable and justly celebrated author, from 
whose reasonings on the osteological relations of the Megatherium I have thus far 
ventured to dissent, enunciates his conclusion with philosophic caution, and states 
it to be probable that the Megatherium possessed a bony coat of mail. 

But that which Cuvier and M. Laurillard have ventured to regard as only pos- 
sible, and Dr. Buckland as probable, M. de Blainville has since announced to 
be a positive fact. He has communicated to the Academy of Sciences the 
statement that bones of the Megatherium have recently been discovered, accom- 
panied with fragments of a carapace belonging indubitably to the same animal* ; 
and he adds, that the association of a bony armour with the internal skeleton of 
the Megathertwm can be demonstrated as surely by @ prior: reasoning as by the a@ 
posteriori fact. 

Some interesting and novel arguments, deduced from the osteological structure 
of the Megatherium, might have been expected from so accomplished a Compara- 
tive Anatomist as the successor to Cuvier; but M. de Blainville restricts himself 
to the mere repetition of the conditions of the skeleton already argued upon by 
Dr. Buckland as indicating a probability that the sustaining of a heavy coat of 
mail was thereby provided for, affirming that the Megatherium is proved to be cer- 


* “De nouvelles découverts d’ossemens de Mégathérium accompagné de fragmens de carapace, pro- 
venant indubitablement du méme animal, outre celles d’ossemens d'autres espéces de Tatous,” etc.— 
Comptes Rendus, 21re Janv. 1839, p. 57. 
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tainly covered with an osteodermal carapace, by the disposition of the spinous pro- 
cesses of the vertebrae, by the angles of the ribs, by the articulation of the pelvis 
with the vertebral column, etc.*. 

Now pending the appearance of the description of the pieces of the carapace of 
the Megathertum, of which the discovery is announced by M. de Blainville, and 
the nature of which armour is as yet unknown to science, I may be permitted 
to offer a few observations, tending to show that the possession of such a carapace 
cannot be deduced by @ priori reasoning, founded on the parts of the skeleton of 
the Megatherium cited by M. de Blainville. And in the first place I would observe, 
that in reasoning from the analogy of the Armadillos,—the only quadrupeds which 
possess a bony carapace,—we have the advantage of having presented to our ob- 
servation a skeleton which presents throughout that family a constant and un- 
varying series of well-marked modifications in direct relation to such a carapace 
as the Megatherium is stated by M. de Blainville to possess. 

Although I have cited the enormous sacrum, with its consolidated spines, and the 
buttress-like disposition of the strong columnar ilia, as among the modifications of 
the skeleton of the Armadillos which bear a physiological relation to their peculiar 
armour, these are by no means the most striking evidences of this relationship. 
What first catches the eye of the anatomist, in quest of these indications in the 
skeleton of the Armadillo, is the remarkable production of a processt of the ver- 
tebre extending from above the anterior articular process on each side in an 
oblique direction upwards, outwards, and forwards to nearly the level of the 
extremity of the true spinous process{: now these oblique processes, which are 
thus developed in no other quadrupeds, save the loricated Edentata, precisely and 
beautifully correspond in form and use with the tie-bearers in the architecture of a 
roof; but if we look deeper into the nature of the sustaining mechanism of the 
roof-like armour of the Armadillo, we shall find another purpose obtained by 
these processes, besides the office of the tie-bearer: the ordinary spinous process 
transmits the superincumbent weight simply to the vertebra from which it springs ; 
the oblique processes transmit the weight partly to the vertebra to which they 
belong and partly to the vertebra next in front, because one half of their base or 


* « Par Vensemble de organization, comme par sa forme et par la carapace osteo-dermique dont il 
était certainement couvert, comme on peut aussi bien le prouver @ priori qu’a posteriori, c’est a dire, par 
la disposition des apophyses épineuses des vertébres, de langle des cétes, de articulation de la ceinture 
osseuse postérieure avec la colonne vertébrale, etc.; aussi bien que par LE FAIT, c’était une espéce gigan- 
tesque de Tatou, plus voisin du Tatou chlamyphore que de tout autre, quoique celui-ci soit le plus petit 
du genre.”—Comptes Rendus, 21re Jany. 1839, p. 68. 

+ Pl. XIII. figs. 1 and 2, 6, b. 
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origin is extended directly over the posterior oblique processes of the adjoining } 
vertebra. 

Now if we find so peculiar, so complicated, and so perfect a mechanical modi- 
fication of the vertebral column of the Armadillo, relating immediately to the 
peculiar weight it is required to bear, we are surely justified in expecting a cor- 
responding modification in the same part of the skeleton of the Megatherium, on 
the hypothesis that it had also to sustain armour corresponding with its enormous 
bulk. We look in vain, however, for these long oblique columnar apophyses in 
the vertebral column of the extinct giant ; their analogues here maintain the ordi- 
nary condition of short transverse processes* directed outwards at right angles 
with the spinous processt ; and the Megatherium in this respect corresponds with 
the hair-clad Sloths and Anteaters. 

With respect to the ribs, I may observe that the armour of the Armadillo does 
not immediately rest on any part of these bones as it does on the vertebre above- 
mentioned: a stratum of muscular substance intervenes between the armour and 
ribs, and the latter are left free, and necessarily so, for the movements of respira- 
tion. The Sloths and Anteaters have broader and stronger ribs than the Arma- 
dillos ; nay, they have relatively broader and stronger ribs than the Megatherium 
itself, and the angles of the ribs show the rough impressions of the insertions of 
the levatores costarum in the same relative degree as do the angles of the ribs of 
the Megathere, on which M.-de Blainville supposes the carapace to have directly 
rested. 

With respect to the relation of the bones of the extremities to a dermal armour, 
the difference of structure observable between the Megatherium on the one hand 
and the Glyptodon and Dasypi on the other, has already been pointed out. The 

columns supporting the trunk of the Megatherium are unquestionably of colossal 
"proportions, but I conceive that the prodigious strength of the bones of the legs 
of the Megatherium was called for by the weight of the enormous superincumbent 
pelvis, which exceeds in the thickness and expanse of its several bones, relatively 
as well as absolutely, that of any other animal. And when to the weight of this 
ponderous cincture of bone, is added the mass of soft parts which must have en- 
compassed and been lodged within it, I feel disposed to protest strongly against 
laying an additional load even upon the stalwart legs of the Megatherium. 

But if the burthen of a bony coat of mail must needs be placed upon his heavy 
haunches, let us endeavour to form a true conception of its expanse. If we com- 
pare the average dimensions of the component tesserz of the armour of existing 
Armadillos with their skeletons, we shall find that there is the same correspondence 
between the internal and external bones of these small cuirassiers, as between the 
endo- and the exo-skeleton of the Glyptodon. 
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In the Dasypus tricinctus, for example, the radius, which measures one inch and 
four lines in length, is equal to the diameter of four of the marginal plates of the 
dermal covering. In the Glyptodon, the radius, which measures seven inches and 
a half in length, is equal to three and a half of the analogous dermal ossicles, which 
are, therefore, relatively larger than in the Armadillo. 

But the bones of the skeleton of the Glyptodon which we have to compare with 
those of the Megatherium do not equal a third of the bulk of their analogues in the 
more gigantic Edental. If, therefore, the tessere of the coat of mail of the 
Glyptodon average a breadth of two inches, then those of the hypothetical armour 
of the Megatheriwm might reasonably be expected to present a proportional mag- 
nitude: and, from the abundance of the remains of the Megathere, and the vast 
number of tesseree that must have entered into the formation of its expansive 
cuirass, hexagonal osseous plates of five or six inches diameter and proportional 
thickness, might be expected, if such a cuirass had really formed part of the en- 
during structures of the Megatherium, to have been found scattered more or less 
abundantly along the banks of almost every stream that flows through the Pam- 
pas ; yet not a single piece of armour of a larger pattern than that of the Glypt- 
odon has hitherto been discovered either in South or North America, where the 
bones of the Megatheriwum have occurred. And, finally, when we consider, that 
although parts of the armour of the Glyptodon have been discovered without bones, 
yet that its bones have never been found unassociated with more or less of the 
heavy covering in which it laid down and died, it must appear very improbable 
that, in every case in which the bones of the Megathere have been met with, its 
still heavier armour should have been entirely washed away. 


The following is a tabular view of the principal circumstances connected with the discovery of twelve 
different skeletons of the Megatherium :— 


Date of 

. | disco- Where found. By whom found. Parts obtained. Where deposited. 
very. 
1789.|R. Luxan, near Buenos Ayres. |Marquis of Loretto. Nearly whole skeleton.|Royal Museum, Madrid. 
1795.|Lima. Parts of skeleton. ditto. 
ditto.| Paraguay. Pére Fernando Scio. ditto. ditto. 
1824.|Skidaway Marshes, New York. |Messrs. Mitchell & Cooper./Teeth and few bones. |Lyceum, New York. 
1825.|White-bluff, Savannah. Waring and Habersham. |Odd bones. ditto. 
1826.,Queguay-Uruguay. Sellow. Part of femur. Berlin. 
1833.|Rio Salado. Sir Woodbine Parish. Nearly entire skeleton.|Coll. Surg. London. 
1834.|North Patagonia. Mr. Darwin. Head. ditto. 
ditto. ditto. ditto. . ditto. ditto. 
ditto. ditto. ditto. ditto. ditto. 

. | 1837.|Luxan, Buenos Ayres. Signor Muniz. Skeleton nearly entire. Museum, Monte Video. 
1838.|Estancias de Rosas, Buen. Ayr./Dr. Decalzi. Various bones. ditto. 
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In not one of these instances was any portion of bony armour discovered with or near the bones. For 
the knowledge of the two last-cited instances of the discovery of the Megatherium, I am indebted to Sir 
Woodbine Parish, who has also obligingly translated for me the following notice of the discovery of 
bones and armour of a fourth Glyptodon (assuming the Curé Larranaga’s to have been the first), now 
deposited in the Museum at Monte Video. It forms the first of a list of fossils recently added to that 
Museum, and of which a brief notice occurs in a report on the subject inserted in one of the Spanish 


journals. 


‘« Account of Fossil Bones deposited in the Museum of Monte Video, 
and found in the year 1828. 


No. I. 


« Fossil skeleton found in the left bank of the little river Pedernal before its junction with the Sala, 
an affluent of the Rio Santa, near Monte Video. 

“ After removing the earth about 27 inches from the surface, some portions of a bony shell or covering 
were discovered. These were composed of hexagonal divisions, 1 or 2 inches in diameter, varying in 
thickness from 1 to 13 inch. The thickest were attached to the dorsal region, and the thinner ones 
appeared to form the lateral extremities of the shield. From the centre of each of these polygons a small 
dise was noticed, of from } to 1 inch in diameter, from which 6 or 8 lines diverge, leaving between them 
so many little quadrangular divisions. These pieces were joined by symphysis, and formed a sort of 
mosaic work, pretty symmetrical to the eye. The posterior part of the shell had a sort of border which 
probably bounded the coccygeal region, composed of more conical pieces than the rest, but of about 

the same diameter ; (this caudal border formed a notch of 9 inches diameter). When first found, Don 
Roberto carefully measured the whole shell, which appeared like a huge barrel, and was 4 feet 9 inches 
- over the transverse curve. 

“On proceeding to remove the earth further, the first bones met with were two dwmbar vertebrz, then 
one ilium, then that of the opposite side ; lastly, the entire pelvis. The ilia and a large portion of the 
ischia of both sides were preserved. Some fragments saved very fragile. 

“The vertebra had subsided half a yard from the shell; they had spinous processes, and were united 
to the iliac bones, determining their separation. There was discovered also a wide bone, like the scapula 
(coracoid ?) of a tortoise, adhering to the anterior part of the shell. 

“ A portion of a rib (5 inches long, 1 inch wide, at thickest part 10 lines). A phalanx (very hard, at 
least 1 inch long, 6 or 7 lines across middle part). Some shining fragments of a substance like that 
which covers the crown of certain molar teeth*. (Cranium and extremities searched for, but not found.) 

« Every effort was made to get out the shell whole, but it mouldered away as soon as it was exposed to 
the sun and air. 


“ These Antediluvian remains were disposed in the Museum, to satisfy public curiosity.” 


* Afterwards described as some very lustrous fragments, some prismatic, and others slightly grooved 


(acanalados), of a colour like tortoise-shell, on which nitric acid effervesced strongly, as it did on the 
portions of the shield. 
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The following are some of the admeasurements of the above-described Glyptodon from the River 
Pedernal, and the admeasurements of the corresponding parts of the Megatherium :— 


Glyptodon. Megatherium. 


Inches. Lines. || Inches.| Lines. 


Width of pelvis from the anterior spine of one ilium to that of the 
OLED owe ceeeetiaiss xe PREM sinaaididel tek enema etoee <stchisire as inpincnall soe 6 61 

Total height of ‘the Paiute Rihise transverse processes a paiated the 
iliac bones.. 


DD UMHONGeAySPIN@USIPLOCESS (rn ctjpes vaaices ca scices sosiseninsscesiasbiensiacsisssievses 3 4: 4 
Breadth of a vertebra at the base of it its SPINOUS PYOCESS .............0e eee 3 lt 8 2 
Pleat or toe medullary Canal... 2 5....0.6.ic6..s0bonscdegesats soaps scioesisosinac'eks 5 3 3 
Wadth of ditto ¢.....:.... Faps000000000052000005 naa Sad noNNoOReBHaDEae 3 4: 2 
Largest diameter of eatyloid ‘easity snicine denilnnines etteaeeseee eben 5 8 
SCASEMINCHONON (ONLED Ranch viaccicsh atone sipieanastupecseuactwcresehacssemencneicsmbecct 3 9 fi 3 
Mcp CHAO t CULO ce key ca cscn ee ntare danse cos uaduedse done Metasegsaetcndecttinn maces 2 2 4 


The following are admeasurements of the bones of Sir Woodbine Parish’s Glyptodon, and of the cor- 
responding bones of the Megatherium :— 


Ehumerus) breadth ior distaliend Geasccceecscccccccctesceecccccrcccevetsceesiocs 


5 3 Jif 

Radius, length 7 6 28 
PEOXIMAM CUCUMBER CH CE risis40 bv nssicu sess oSlebes coe socdsscuessMes vseies. 6 12 3 
——— middle CUES Meee eee eee aise deaeelet a (pep aerat ppb ecnsaen oe: 4 1] 6 

distal ditto Soon ae Jas BOLE IO- SSES5 ee 8 19 

Tibia and fibula anchylosed, distal Peitterciy: SEE SEBS Ae een US) 30 

Os calcis, length 6 18 

Astragalus, length prise Peseeoenenceecat oo SeocentMeceeanniy | os 2 11 

Largest unguial phalanx, fcotudl, Feige 4 Reser n Peer re esteee eras ss ccee bats 3 11 

—_—___—__—_—_—_—— breadth 1 10 3 

—_ depth 1 8 6 


The description of the armour associated with the bones of the Pedernal Glyptodon proves it to cor- 
respond in size and structure with that of the Glyptodon of Villanueva; and the dimensions of the pelvis, 
which are one-third smaller than in the Megatherium, equally agree with those of the bones of the ex- 
tremities of the G'lyptodon at present in London. 

The same Report on the Museum of Monte Video likewise contains a notice of the discovery, in the 
Banda Oriental, of pieces of armour, said to be identical with that found in the Pedernal. One of these 
pieces, which was associated with the caudal vertebre, is thus described: “ The covering of a tail was 
found in the Rio Seco, entire in its length, and composed of a single bony piece ; but we observe in it 
portions similar to the plates of the before-mentioned shelly covering, but of more variable diameters. 
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This plate is hollow or excavated to its extremity, and presents in its concavity vestiges of caudal ver- 


tebre very distant from one another. 
“The exact dimensions of this tail, which is stated to resemble the tusk of an Elephant, are as fol- 


lows: 


Inches. Lines. 


Deri oie es ra cit) arm.'\=) oe) = igh sintni si e's nisisis the minlsial ia: neiee _19 0 
Circumference, at Origin) .. 62). 6. aip sce oe select acs ve 13 6 
Ditto PENAL GY 5) shcicrora) ota oteier susie cal wictarehiclez eval tel as= LOS EL 
Ditto twouinches from end’... 5.7.) - 1. 2 eee 8 4 
Thickness of the bony plate or roof ............+.06.- 0 8 


From the Banda Oriental.” 


This notice of the tail of the Glyptodon is very satisfactory, as it confirms the accuracy of the sketch 
of that discovered in the Rio Matanza, while both correspond with the distinctive character of the 
armour of the tail pointed out by the Curé Larranaga in the fossil Edental, which he calls both a Dasy- 
pus and a Megatherium. 


We have thus evidence of the discovery of the remains of five individuals of a 
large edentate species, undoubtedly covered with armour, and more or less cor- 
responding with the characters of the genus Glyptodon, which are deduced in the 
present paper from the structure of both dentary and locomotive organs. 

That the portions of fossil dermal armour now in England, though exhibiting 
proportions which may be termed gigantic as compared with the osseous carapace 
of the Armadillos, belong, not to the Megatherium, but to the Glyptodon, cannot 
admit of doubt. It is always difficult, however, to establish a negative: but 
that the Megatherium possessed no analogous covering, will be also, I trust, con- 
ceded by those who may be willing to admit the validity of the arguments adduced 
at length in the foregoing pages, and which may be briefly summed up as fol- 
lows :— 

Ist. The opinions of Cuvier and Weiss, in favour of the Megatherium being so 
armed, rest on no better ground than the mere fact of bony armour of some 
gigantic quadruped and the skeleton of the Megatherium having been disco- 
vered in the same continent. 

2nd. The skeleton, or its parts which have been actually associated with the bony 
armour above mentioned, belongs to a different and smaller quadruped. 

3rd. No part of the skeleton of the Megatherium presents those modifications 
which are related to the support of a bony dermal covering. 

4th. The proportions of the component tessere of the bony armour in question 
to the skeleton of the Glyptodon are the same as those between the dermal tes- 
sere and skeleton of existing Armadillos, but are vastly smaller as compared 
with the bones of the Megatherium. 
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5th. No bony armour composed of tesserz having the same relative size to the 
bones of the skeleton of the Megatherium as in the Glyptodon and existing 
Armadillos, has yet been discovered. 

6th. The skeleton of the Megatheriwm has never been found associated with bony 
armour of any kind; neither have its parts been found so associated. 


peers 
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PRELIMINARY REMARKS. 


IN 1832 I laid before the Geological Society a few remarks on the strata in the 
neighbourhood of Lisbon ; but having since spent some time in that city, [have been 
able to extend my observations and to correct the errors into which I had before 
fallen. During the latter part of my stay, I had the advantage of becoming ac- 
quainted with the Baron d’Eschwege, the author of a paper upon part of the district, 
in the eleventh volume of the Memoirs of the Royal Academy of Sciences of 
Lisbon, to whom I am indebted for much valuable information. 

In the present paper my former remarks are repeated only as far as is necessary 
to render the rest intelligible. I shall first describe the aqueous formations, fol- 

p2 
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lowing the descending order, both in the general arrangement of the subject and 
in the tables of beds and description of sections ; and then the igneous rocks, with 
the disturbances which the sedimentary deposits have undergone. A few remarks 
on the great earthquake of 1755 are given as an appendix. 


PART I.—Aauegous Deposits. 
TERTIARY FORMATIONS. 


The tertiary beds appear to be entirely of marine origin, and they may be divided 
into three formations : . 


1. Upper Tertiary Sand. 

2. Almada Beds; consisting of calcareous sands, sandy limestones, marls and clays. They 
may be best observed in the cliffs on the south bank of the Tagus, near the village of 
Almada. 

3. Lower Tertiary Conglomerate. 


These deposits occupy a basin, of which only a part is included in the region 
described in this paper. Their greatest extent is from the mouth of the Tagus to 
Abrantes, a distance of about eighty English miles ; and from Lisbon to Alcacer 
do Sal, about fifty miles. ‘The Tagus runs through this basin from Abrantes to 
the sea, keeping close to its northern boundary, so that a very small portion of it 
lies north of the river. 


1. Upper Tertiary Sand. (Pl. XIV. and Pl. XV., Sect. 1, 9, 11 to 13.) 

This formation consists of about 100 feet of fine grey quartzose sand and 150 
feet of coarse, quartzose, ferruginous sand and gravel. 

On the south of the Tagus it covers nearly the whole of the tertiary district. 
Its beds are quite horizontal, except where they rest upon the inclined strata of 
the Almada formation towards the edges of the basin, and even there, the dip never 
exceeds ten degrees: I did not notice a single instance of their having been dis- 
located. 

Baron d’Eschwege pointed out to me a very remarkable rock on the banks of 
the Sado, half a mile above St. Ubes, called the ‘ Pedra Furada’ or perforated 
rock, which belongs to this formation, and consists of irregular, perpendicular 
tubes varying from half an inch to a foot in diameter, of a very ferruginous sand- 
stone, united by horizontal layers of the same substance : the cement of the sand- 
stone is phosphate of iron; the centres of the tubes and the spaces between them 
are filled with ochreous sand, which passes into the usual sand of the neighbour- 
hood. The rock is about twenty feet in height and width; its extent inwards 
from the river is concealed by the overlying sand. 

I did not explore the whole of the boundary of the upper tertiary sand, which 
includes considerably more than 1000 square miles. North of the Tagus it is found 
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only in low lands skirting the river near Santarem and Cartaxo; but it covers as 
much of the country between the Tagus, the Sado, and the sea, as would be cut off 
by a line drawn from Abrantes to Alcacer do Sal, with the exception of two ridges of 
hills of older formations, which will be best seen by reference to the annexed map. 
It usually rests upon the Almada beds ; but between the lagoon of Albufeira and 
Cape Espichel it overlaps that formation, and rests upon the red sandstone. Its 
greatest elevation above the sea is about 150 feet. 

I observed no organic remains in this formation. 

The sands of the upper division present barren, dreary heaths, which hardly ad- 
mit of any cultivation ; but the fir thrives in the ferruginous sands of the lower 
division, which are cultivated here and there, though to little advantage. The only 
interest attached to this most barren formation arises from its mineral contents, 
which are richer than might be expected from so modern a deposit. 


Mineral Contents —A mine of quicksilver was discovered in the beginning of the last century at Coina, 
by Manoel da Cruz Santiago, an individual celebrated in the annals of Portuguese mining. He had 
observed that a spring of water in the centre of the village was strongly impregnated with mercury. No 
account of this mine has been published, and I could only learn that it was worked profitably at a very 
slight depth until 1801, when it was abandoned, all the quicksilver having been extracted, which their 
method of working enabled the miners to reach. From the position of the spot, I have no doubt that it 
was worked in the lower beds of this formation. 

From a very early period the sands of the Tagus have been stated to contain gold-dust. It appears 
to be disseminated in very small quantities through the whole of the lower division of this formation, as 
it has been found in several places where the heavier particles of the sands of that division are sepa- 
rated by the action of rain or of the streams of water. The only spots where workings for gold-dust 
have been carried on regularly to any extent, are on the coast near Adi¢a, about ten miles south of the 
mouth of the Tagus. The beach lies upon a bed of blue marl belonging to the Almada formation, but 
the cliffs consist of the ferruginous sands. The numerous springs which flow through them wash down 
large quantities of sand, and the waves give them another washing upon the beach; the workmen dig 
up this sand and submit it to a further process of washing, and the residue is treated with mercury to 
separate the gold. 

Baron d’Eschwege, who superintended these works for some years, has given an account of them in 
the eleventh volume of the Memoirs of the Academy of Sciences of Lisbon, and he has appended to it 
a statement of the result of the operations. He mentions that works were carried on at Adiga in the 
fifteenth century as long as they were profitable, and that they were recommenced in 1814 and conti- 
nued till 1826, when they were again found a losing concern. During these thirteen years 373 marks 
of gold were collected, varying in fineness from twenty-two to twenty-three carats. It appears that a 
remunerating quantity of gold is collected only after the natural washings by the springs and the sea 
have gone on for a considerable number of years; and therefore, another long interval must elapse before 
the washings can be again profitable. 


2. Almada Beds. (Pl. XIV. and Pl. XV., Sect. 1, 3, 6 to 9, and J1 to 13.) 


This is the most interesting formation of the tertiary series, in consequence of 
the variety of its rocks and the abundance of its organic remains. It may be 
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studied very conveniently in the cliffs opposite to Lisbon, where the following 
observations were principally made. Unfortunately, the lowest beds are not there 
exposed, and they vary so much in thickness and appearance, within very short 
distances, that a stratigraphical table of the formation cannot be completed from 
observations made elsewhere. 

The following is a tolerably correct list of the beds in the cliff, near Almada : 


Feet. Feet, 
Yellow calcareous sand, containing a few Brought over .,.... Lig 
SH eM Wey tere taste eile eerie os Gok les 50 Mimestone, tull of shells. 3.20. as cee ee 1 
Limestone, full of shells................ 2 Sands Hest ss elas Shpee ebe ae ee 2 
Marly sand of a bluish colour, containing Limestone, full of shells ..............-- 3 
OYSUCES, PECUEMS WG sr. oo es es Se cen sas 10 SEDI ERE SCE RES | Se RRL 10 
Limestone, full of casts of shells.......... 2 Rubbly limestone, with oysters and other 
Blue marl, with many shells ............ 6 SAGAS eee Se eRe Ss Coe 5 
Sandy limestone, ditto................43 1 Sand, containing calcareous concretions, ... 4 
Yellow sand, containing Echini, and a few Rubbly limestone, few shells ............ 4. 
SUNG RAMEE > AIS ON liners rea eee 10 Hard limestone, many shells ......,..... 10 
Greenish sand, with few shells; in this bed Sandy limestone, a bed of oysters ........ 5 
small quantities of quicksilver have been Yellow sand, some oysters .............- 12 
POUT uesve atone cr cucWe Redan aie Pits etcene eueensiens = 10 Sandy lintestone st, Mary oes Seige 2 cee 3 
BPOWUNCLAVM. AEG MRO EL Sato Abeer ao 3 Yellow sand, few shells ................ 12 
Blue clay, with thin layers of shells (6).... 30 Sandy Mah Wtf. tanita cd specter siue(- Suse 6 
Sands and limestones, which I had no oppor- Sandy limestone, pectens, & HR UIA 44, 8 12 
tunity to observe accurately, as they occur Yellowish sand, with a few fragments of shells 40 
where the cliff is inaccessible.......... 50 Yellow marly sand, with few shells,....... 12 
HMC y, MUMESTOMEM ys slices a). «inten alt eee © 2 3 Sand, containing some mica ..,......... 13 
Carried forward .... 177 In/all about. >". ~.steee 331 


This table is incomplete at both ends; very little is wanting above it—I 
cannot say how much is wanting below. 
- At Adica the uppermost beds consist of 


NWellowacaleareous Sandicsy-.om erica matress cle eee 10 feet. 
Blue sandy marl, with many shells ............ 20 — 


the latter resting upon a calcareous bed. If these strata were placed at the top of 
the preceding list, the upper part of the formation would probably be completed ; 
the blue marl of Adica would then correspond with that of the valley of Piedade 
to the S.E. of Casilhas, where the uppermost beds cannot be distinctly seen. 

The most marked stratum of the series, is the blue clay (b) mentioned near the 
middle of the table ; but this bed is in some places so thin as not to be easily re- 
cognized. Were it thought convenient to separate the formation into parts, the 
most natural arrangement would be 

Upper Limestones and Sands, 

Blue and brown Clay, 

Lower Limestones and Sands ; 
but as some species of shells occur both above and below the clay, the subdivision 
would not be of much value. 
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Quicksilver has been found in several places in the sand immediately above the blue clay, but in very 
insignificant quantities. 

Not having examined this formation in equal detail elsewhere, I can give but a 
general sketch of its position. On the southern side of the Tagus, it forms the cliffs 
from Trafaria to Casilhas, the dip of the strata being from 10° to 15° S.E. There 
are three considerable faults in these cliffs. At Casilhas the beds to the west of 
the village are raised about 100 feet above their prolongation on the other side of 
the street ; at Fonte de Pipa, on the contrary, those on the west of the fault are 
about 130 feet below the same beds to the eastward ; and at San Lourenco a simi- 
lar dislocation has taken place to the extent of about eighty feet. Owing to these 
faults, a more extensive section of the formation is obtained than the cliffs, which 
are only 280 feet high, would otherwise afford. 

North of the Tagus the Almada beds begin on the coast, a little to the west of 
Fort St. Julian, resting on the secondary limestone, and they reach as far as the 
Oeiras River, where they are cut off by a fault,—one bank of the river consisting of 
these beds, and the other of the secondary limestone ; both rocks being also hori- 
zontal and at the same level. 

For about ten miles to the eastward, the upper beds appear to have been de- 
nuded ; and the tertiary strata are seen only at the tops of some hills about Santa 
Catarina and San Jozé de Riba-mar. These outliers consist of the lower tertiary 
conglomerate, occasionally covered by small patches of the Almada beds. (See 
Plate XV. Sections j and 3.) 

The Almada beds reappear in the middle of Lisbon, and continue along the 
north bank of the Tagus to the little village of Verdelha. At their western edge, 
under Lisbon, the upper beds rest unconformably upon the secondary limestone 
(Plate XV. Section 3), the Rua de San Bento marking very nearly the line of 
union of the two formations. To the north-west, the Almada series is bounded by 
the valleys of Odivellas and Vialonga, and rests conformably upon the lower ter- 
tiary conglomerate. Throughout this district, the dip of the Almada beds is from 
5° to 10° S.E. The lower streets of Lisbon stand upon the blue clay, which may 
be traced for some miles up the Tagus between high- and low-water levels, all 
the cliffs toward the river consisting of the deposits above that stratum. The 
lower beds may be seen cropping out on the land-side of the deposit, but there is 
no good section of them there. 

The Almada beds in this part agree so nearly in dip and strike with those on 
the south bank of the Tagus, and with the detached outliers between Lisbon and 
the sea, as to prove that they were once continuous, and have been separated by 
denudation. 

Beyond Verdelha the formation is not visible within the district described in 
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this memoir, the north bank of the Tagus being formed of older rocks; but it 
occurs again near Cartaxo, Santarem, Thomar and Abrantes, the last town being 
its extreme limit to the eastward. I do not know if it exists along the eastern 
edge of the basin, but to the south it forms the hill of Alcacer do Sal, where it 
rests upon slate-clay, the intermediate secondary formations being absent. 

In the centre of this tertiary district, a ridge of older rocks extends from Pal- 
mella to Cape Espichel, skirted by a zone of the Almada beds from St. Ubes to 
Palmella (Sect. 9, 11 and 13), and thence westward through Azeitao nearly to the 
coast, where they are concealed by the upper tertiary sand, overlying both these 
and the older rocks. Throughout this circuit the Almada beds rest upon red sand- 
stone, and are more elevated than in the localities before described, the dip 
being usually from the subjacent formation: thus between St. Ubes and Palmella 
their inclination is about 30° S.E., and from Palmella to Azeitaéo between 25° and 
30° N.E., being rather greater in the lower than in the upper beds ; but at Pal- 
mella, where the two lines of elevation meet, the disturbance has been more con- 
siderable, and the dip at the Castle-hill varies from 15° to 50° N. It is probably 
from the same cause that the formation attains its greatest height at this point, the 
castle being 930 feet above the sea (Pl. XV. Section 9). 

A detached mass of the formation also occurs at the western end of the Serra 
de San Luiz, between St. Ubes and Azeitao, abutting unconformably against the 
edges of the elevated beds of red sandstone, which form that steep hill ; its dip, 
about 30° N., agrees with that of the same beds in the neighbouring Serra de 
Azeitio (Plate XV. Section 1), so that the valley between must have been occu- 
pied originally by the tertiary beds. 

The most violent dislocation of this formation is on the bank of the Sado, at the 
foot of the Serra de Vizo (Plate XV. Section 13), where an outlying mass of the 
limestone dips at 80° toward the older red conglomerate, having been elevated 
beyond the perpendicular. 

I did not observe the blue clay in this neighbourhood, nor could I examine the 
beds enough to ascertain to which part of the formation they belong ; they are 
mostly coarse, rotten, sandy limestones, containing many casts of shells, and pro- 
bably belong to the lower division of the formation. 

This deposit affords the best land in the neighbourhood, both for corn and vines; 
and it is peculiarly suited to the growth of the olive, which thrives to greatest 
advantage in a light and semi-calcareous soil. 

Mr. George Sowerby has examined my fossils, and also an excellent collection 
made near Lisbon by James Smith, Esq., of Jordan Hill, who has very kindly 
allowed me the fullest use of the information derived from it ; among them Mr. 
Sowerby has found the following shells, besides about twenty undescribed species. 
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Other localities where they have been found are marked against them. It will be 
observed that there are more of the shells of Bordeaux than of any other locality, 
but not sufficient to identify the two deposits. 


Vermilia triquetra, Zam. Recent and Crag. Natica clausa, Sowb. Recent. 

Lucina columbella, Bast. Bordeaux. Ampullaria perusta? Desh. Vicenza. 

Lutraria sanna, Bast. Bordeaux. Sigaretus canaliculatus, Bast. London Clay and 
Cyprina equalis ? Min. Con. Crag. Bordeaux. 

Cytherea incrassata, Desh. Paris Basin. Turritella proto—, Bast. Bordeaux. 


cathedralis, Bast. Bordeaux. 
terebralis, Bast. Bordeaux. 
turris, D’Orb. Bordeaux. 
imbricataria? Paris Basin. 


Venus Brocchii, Bronn. Subapennines. 
Cardium hians, Brocchi. Subapennines. 
paucicostatum, Sow. Conch. Illust. Recent. 
multicostatum, Bast. Bordeaux. 


Panopeea Faujasii. Crag. Solarium neglectum, Bellardi. Piedmont. 
Solen antiquatus? Recent. Phorus agglutinans. London Clay. 
Pectunculus pulvinatus. Paris Basin. Pleurotoma ramosa, Brocchi. Subapennines, 
Pinna affinis, Min. Con. London Clay. Pyrula ventricosa? Recent. 


condita, Brongn. Vicenza. 
rusticula, Bast. Bordeaux. 


Spondylus quinquecostatus, Desh. The Morea. 
Anomia ephippium, Goldf. Subapennines. 


Ostrza flabellulum, Win. Con. London Clay. Fasciolaria Burdigalensis, Bast. Bordeaux. 
Boblayi, Desh. The Morea. Murex trunculus, Zinn. Recent. 
longirostris, Goldf. Saxony and Andalusia.| Ranella marginata, Brocchi. Recent and ‘Sub- 
hyotis, Zinn. Recent. apennines. 

Pecten maximus, var.? Lam. Recent. Eburna spirata? Lam. Recent. 
squamulosus, Desh. The Morea. Buccinum veneris, Bast. Bordeaux. 
‘Pandora, Desh. The Morea. Cassis Thesei, Brongn. Vicenza. 


Natica glaucina, Lam. The Morea. 


Some papers laid before the Society by Colonel Silvertop (Proceedings, vol. i. pp. 
216, 234 and 485, and vol. ii. p. 80), afford the means of comparing the tertiary 
basin of the Tagus with those of the South of Spain. The marine deposits of 
Alhama, Lorca, Baza, etc., coincide with the Almada beds; as they contain in 
great abundance the Ostrea longirostris, which is one of the commonest shells at 
Almada, and a Pecten resembling the P. pleuronectes, but which Mr. George 
Sowerby considers a distinct species, and which is not uncommon in the cliffs at 
Almada. From some observations I made in crossing those parts of Murcia, I 
had considered the deposits of Alhama, etc., equivalent to the Almada beds, and 
Col. Silvertop’s memoirs confirm that opinion. 


3. Lower Tertiary Conglomerate. (Pl. XIV. and Pl. XV. Sect. 1, 3, 6 to 8.) 


The oldest tertiary beds near Lisbon consist of a variety of distinctly stratified 
conglomerates, underlying the calcareous beds of the Almada formation. They 
are of limited extent, but vary very much in character; yet as they attain a con- 
siderable thickness, and agree in having all been formed during a period when a 
violent and extensive denudation of the older rocks was going on, they seem to 
deserve to be considered as a distinct formation. 

The principal deposit of these rocks may be traced bounding the Almada beds 
from Alverca and Verdelha through Vialonga and Tojal to Loures, where it ex- 
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pands to a breadth of four miles ; and thence it may be followed along the narrow 
valley which passes between Odivellas and Lumiar to Bemfica, where, turning to- 
wards Lisbon, it thins out and gradually disappears near the gate of San Sebastiao 
de Pedreira. 

At its northern extremity this deposit rests upon the red sandstone, but through- 
out the remainder of its course upon basalt: the beds dip conformably under the 
Almada formation at angles of 10° or 15° S.E., but the inclination increases in the 
lowest beds to 30°. 

This formation is well displayed where it is crossed by the road to Canessas, 
the beds there exposed, in a descending order, being as follows :— 

The lowest strata of the Almada formation. 

Marl. 

Soft limestone, containing pebbles of limestone and flint. . 

Limestone, inclosing angular fragments and rounded pebbles of limestone, the whole forming a hard 

rock. 

Calcareous beds, containing pebbles of limestone. 

flint. 

Sandstone, passing into coarse gritstone and rough conglomerate, with large siliceous pebbles. 

Sand and gravel. 

Clay and marl. 

Clay formed of the detritus of basalt. 

Decomposed basalt. 

Compact basalt. 


The thickness of the formation is here about 200 feet. 


Near Loures and Tojal there is less of the harder conglomerates, and a greater 
proportion of marl, gravel, and the soft calcareous conglomerates. 

Many of the basaltic hills along the bank of the Tagus below Lisbon, are capped 
with a bed of clay containing basalt in different states of decomposition, upon 
which the Almada beds rest near Santa Catarina and San Jozé de Riba-mar. 
This clay and decomposed basalt are sometimes fifty feet thick, and are without 
doubt of the same age as the similar beds near Loures and Odivellas, and must 
be referred to this formation. (Pl. XV. Sect. 1, 3, 6 and 7.) 

I did not meet with the conglomerate south of the Tagus. I did not find any 
organic remains imbedded in it. 

The separation between the tertiary and the secondary series can nowhere be 
more distinctly marked than in the neighbourhood of Lisbon. The secondary 
rocks were both disturbed and denuded previously to the deposition of the tertiary, 
which lie not only upon the newest secondary formation, but also upon rocks of 
very different ages. The separation between them is still further marked by an 
immense mass of basalt which overflowed the secondary formations before the 


the Neighbourhood of Lisbon. 115 


deposition of any of the tertiary strata, and contributed by its degradation to form 
the earlier tertiary deposit. 

The description of the basalt will be given in that part of the paper which relates 
to the igneous rocks, 


SeconpAary ForMATIONS. 
This class of deposits consists of, 1. Hippurite limestone. 2. Red sandstone. 
3. Espichel limestone. 4. Slate-clay and shale. 5. San Pedro limestone ; and 
6. Older Red conglomerate. 


1. Hippurite Limestone. (Pl. XIV. and Pl. XV. Sect. 1, 3, 6 to 8.) 

The uppermost secondary formation consists of calcareous beds varying from 
soft and argillaceous limestone to beautiful hard marble. I have called it the 
Hippurite limestone, as some of the beds abound with fossils belonging to the 
family of Rudistes, and nearly related to the genus Hippurites. It usually rests 
conformably upon the red sandstone. 

Hills composed of this limestone form a very important feature in the country 
north and west of Lisbon, but I did not observe the formation south of the Tagus. 

A very good section is exposed on both sides of the narrow valley of Alcantara, 
close to Lisbon, where the following beds occur :-— 


Soft argillaceous limestone, alternating with thin beds of marl.............. 40 feet. 
ROMER te As aah Earn Mr ah cw, hav Woy ano ase ye) Yc hotenrieyereie ene do atare 6 — 
Rubbly argillaceous limestone, containing Sphe@rulites .........2.000 cee eee 50 — 
Limestone, containing Spherulites and other shells belonging to the family of 
MEST SST TOL? [ict Se Sedhhe ro SiGe oars ccchattite Sih cte wedi te gla Wein’ «da Paar Niaat ee 30 — 
Pee MCEOUS TIMEREONE (24.4. « hua oni's dicey oo dcinie wis s So hS> need ohn ele et 20 — 
Hard, compact, white limestone, with numerous interstratified beds of flint.... 50 — 
ibeautirul, hard, compact, white limestone ...........:.ce0s-+ ss eeceessiue 100 — 


This list does not include the whole thickness of the formation. The cliffs be- 
tween Fort St. Julian and Cascaes consist of alternations of marl and grey lime- 
stone, the marl predominating in the upper, and the limestone in the lower part ; 
and they are probably the highest beds of the formation. A good section of the 
lowest beds is in a ravine through which the road from Tojal to Bucellas passes. 
The limestone is there of a coarse texture and dark grey colour, with rather a 
slaty fracture, and forms beds three or four feet thick, with thin partings of marl. 
Putting these sections together, the formation will be found to exceed 500 feet. 

This limestone composes several distinct tracts ; the most northerly being a line 
of bold hills extending from Cercal to Villa Franca, rather beyond the district which 
Texamined. Another narrow zone of Hippurite limestone ranges from Bucellas 
westward to Pero Pinheiro ; resting to the north upon red sandstone, and having its 
southern edge concealed by basalt. Only the lower beds are visible at Bucellas and 

Q2 
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Montachique ; and these thin out gradually to the westward, being replaced by the 
upper beds at Pero Pinheiro, where the formation is of inconsiderable thickness, 
and consists only of the latter. The large quarries at that village, which furnish 
pretty, light-coloured marbles, are worked principally in the beds which contain 
the Spherulites. Along this line there is a slight dip to the S.E. 

Another distinct range of Hippurite limestone begins on. the south of Loures, 
and reaches to the Bay of Cascaes. On the northern side it rests upon the red 
sandstone, and upon the south and east is overlaid by basalt. From Loures 
to the west of Bellas the beds dip S.E. at an angle varying from 30° to 50°, but 
between Cacem and the coast, the inclination is usually less considerable, and in 
the sea-cliffs the beds are nearly horizontal. Between Loures and Bellas, the mid- 
dle and lower parts of the formation are exposed; about Cacem the middle, and 
near the coast the upper beds. The usual conformity between the Hippurite lime- 
stone and the red sandstone does not hold good throughout this range, for, to- 
wards Cascaes, nearly horizontal beds of the limestone rest upon inclined strata 
of the sandstone ; still the direction of the dip of the two formations is the same. 
(Pl. XV. Sect. 7.) The limestone range widens out very much at its southern 
extremity ; the basalt capping its higher hills. 

The narrow valley of Alcantara, on the west side of Lisbon, is the line of a 
considerable fault which has raised to view the Hippurite limestone: the beds on 
the two sides of the valley correspond in altitude, but dip from the valley in op- 
posite directions, on the west side at 15°, on the east at 10°. An anticlinal line of 
more violent disturbance crosses the former from Campolide to Mon Santo, and it 
is to this cause that Mon Santo owes its elevation. Where the two faults cross, the 
rocks are very much fissured and disturbed, and great landslips have taken place. 
In one quarry I noticed six or eight faults, where the sides of the fissures had been 
rubbed to a beautiful polish. This spot is called Terremotos, and the disturbance 
of the rocks is frequently attributed to the great earthquake, but all the contem- 
porary accounts of that catastrophe state, that this neighbourhood suffered very 
slightly. 

Organic Remains.—Among the fossils of this formation are the following :— 


Exogyra plicata, Goldfuss, 82, f. 5, a shell found in the chalk in France and Belgium ; it occurs also 
in the Espichel limestone (See p. 121.) 
conica ? Min. Conch., a very imperfect specimen. 
Pecten quadricostatus, Min. Conch., 56, f. 1 and 2, common in the upper and lower green sand in 
England, &e. 
striuto-costatus, Goldfuss, 93, f. 2, found in the upper chalk in Germany. 
Nerinea Borsonii, Bronn, an internal cast. 


nodosa? Voltz, an internal cast, apparently of this species, which has been found in the coral 


rag. a 


the Neighbourhood of Lisbon. Llé 


Spherulites ventricosa, Des Moulins. 
cylindracea? Des Moulins. 


cristata 35 
The last three species are found in the chalk in the South of France. 
Also a very remarkable shell belonging to the family of Fewdistes, which is, I believe, undescribed ; 
agreeing in form with Diceras, having one valve spiral and the other curved; but perforated longitu- 
dinally by parallel pores, reaching the whole length of the shell, and open towards the junction of the 


valves. 


2. Red Sandstone Formation. (Pl. XIV. and Pl. XV. Sect. 1 to 4 and 6 to 13.) 


Below the Hippurite limestone is a very extensive series of deposits consisting 
principally of ferruginous sandstone, but containing also beds of sand, marl, and 
limestone. ‘The following is the usual order of the strata : 

Sandstones, alternating with sand, the whole very ferruginous. 

Marls of various colours, alternating with sand. 


Sandstones, alternating with sand. 
Calcareous sandstones and coarse limestones, alternating with sand and sandstones, and occasionally 


with marl. 
- Coarse sands, sandstones, and coarse gritstones. 


The whole series divides naturally into three parts : 


1. Ferruginous sandstones and coloured marls. 


+ 


2. The calcareous division. 
3. Gritstones, &c. 

The different divisions pass so gradually into one another, that I have not at- 
tempted to separate them into formations. 

The extent of country occupied by this series of strata is very considerable, but 
it would be tedious to describe its boundaries in detail, and they may be better 
seen on the map. The principal deposit reaches from Alhandra, on the Tagus, to 
the coast north of Colares, and occupies nearly the whole country northward of that 
line to Leiria, far beyond the range of country described in this paper ; but in that 
district, it is partly concealed by the overlying Hippurite limestone, forming the 
hills which range north-west from Villa Franca. In the portion more immediately 
under consideration, the sandstones of the upper division occur along the southern 
edge of the deposit from Bucellas to the Atlantic; the central calcareous beds may 
be traced from Alhandra to Ericeira, passing the two villages of Enxarra and Mafra ; 
and the grits and coarse sandstones of the lower division lie further north, about 
Sobral, San Sebastiao, and Torres Vedras. The usual strike of the beds is from 
E.N.E. to W.S.W., and the prevailing dip is to the S.E.; but the whole country 
is so cut up by innumerable faults, that beds may be found dipping in every direc- 
tion and at every angle: this is particularly the case about Mafra. 

A very considerable fault, extending westward from Alhandra, has modified the 
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surface of that part of the country. On the south side of the fault, the calcareous 
beds of the middle division rise into the bold abrupt hills which form the eastern 
end of the lines of Torres Vedras, while on the north side the uppermost sand- 
stones occur, overlaid by the Hippurite limestone ; and they form the surfaces of 
the country to the northward. Judging from appearances, this fault extends a 
long way into the interior ; but I followed it only four miles, from Alhandra to 
Trancozo. 

One of the upper beds of the calcareous division resembles so closely the usual 
character of the Hippurite limestone, that I could not determine whether the lime- 
stone hill at Alhandra belongs to this formation, or is an outlying mass of that 
limestone. 

The tract of red sandstone, next in importance, forms a narrow band, reaching 
from the neighbourhood of Loures to Cape Sinchette. From its northern ex- 
tremity to the Cascaes river the beds dip to the S.E., at angles varying from 20° 
to 60°, and at Sabugo they are perpendicular. They consist principally of the 
sandstones of the upper division, but the coloured marls are seen near Cacem, on 
the Cintra road, and the calcareous beds occur where the deposit widens out to- 
wards Sabugo ; the Mafra road crosses them in that neighbourhood for about three 
miles ; they occur also between Manique and Cascaes. 

The Cascaes river follows the line of a considerable fault, and on its western side 
the calcareous beds are exposed with a prevailing dip of 5° or 10° to the south : in 
this neighbourhood also the strata are disturbed by many small faults. 

The red sandstone ranges, on the south of the Tagus, from near Palmella and St. 
Ubes to the coast north. of Cape Espichel. The strike of the beds is nearly from 
E.N.E. to W.S.W., and their usual dip N. or N.W., at a high angle: this part of 
the formation has been dislocated by many considerable faults, but as they affect 
also several of the older rocks, all the disturbances of this neighbourhood are de- _ 
scribed together. (See p. 129, et seq.) 

The upper division of the formation is better exposed near Palmella and St. Ubes 
than in any other part which I examined, except the hills behind Bellas north-west 
of Lisbon ; it consists here of 

1. Very ferruginous loose sand and gravel. 


9. Fine sandstone, sands and marls of various colours. 
3. Ferruginous sandstones. 


The gravel is more abundant than usual, occupying some picturesque valleys 
between Azeitaéo and St. Ubes ; while the adjacent barren Serra de San Luiz, con- 
sisting of the succeeding beds of the same formation, rises abruptly to more than 
1200 feet above the sea. 

The calcareous beds may be traced from the coast on the north side of Cape 
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Espichel to Cezimbra, and again in the cliffs of the Serra de Risco; the lower sand- 
stone division is visible only on the cliff, near the Chapel, at Cape Espichel: with 
these exceptions, this district consists entirely of the beds of the upper division. 

The country occupied by the upper strata of this formation is generally intersected 
by irregular valleys and ravines. The lower lands are fertile and wooded, but the 
hills are open and covered with heath: the calcareous rocks of the middle division 
form wild dreary hills, hardly capable of cultivation: and the lower sandstone divi- 
sion varies much, affording barren hilly districts and others of greater fertility. All 
the sandstones occasionally form extensive plains covered with pine-woods. 

The connexion of the red sandstone with the older rocks is exposed in few places 
near Lisbon. On the north of Cintra the sandstone overlies all the older formations, 
resting almost horizontally upon the inclined strata of Espichel limestone (Sect. 
2 and 4), slate-clay, and San Pedro limestone, and upon the granite; and on the 
south of the Cintra hills, upon the Espichel limestone (Sect. 1 and 7). South of 
the Tagus it lies, with every degree of want of conformity, upon the limestone of 
the Serra‘de Arrabida, and upon the elevated peaks of the older red conglomerate 
of the Covoens and the Serra de San Luiz (Sect. 11 to 13). 


Mineral Contents. 

Lignite has been found in this formation in many places, occasionally in sufficient quantity to lead to 
unsuccessful search for coal: the principal localities are Ericeira, and the neighbourhoods of Torres 
Vedras, Cascaes and Cape Espichel. I examined only the two last. 

The cliff, a little to the east of Cascaes, gives the following very good section of the lower beds of the 


upper sandstone division :— 


1. Fine-grained white sandstone. 


2. Coarse sandstone, slightly sulphureous ........ 0. cceece ne wees cece cere ence nnes 5 feet. 
3. Coarse quartzose gritstone, very sulphureous ......0..ccyeecccne seen sete eee ,— 
4, Thin layers of marl, separated by seams of vegetable matter, and containing abun- 

dance: of sulphur and some iron pyPites. osc)...» asia /a'c) ssa oia'en' ssa do) 0.0 6 0 3) 09, dele ses 14 — 
5. Fine sandstone, with thin layers of lignite, containing impressions and pyritous casts of 

vegetables ..... 4d Woo ob Ueno duibo dO HO OR OHO daa ELH aOxinds otoee A Dab odE 1 — 
PE OINOUS MHaALl,, WIth SUIPHME |. Us. e seas tec Sewers He hene eee caeecoccncss 14 — 
franc andstone, Very stllphureoun: | 25)5 Filet ic Fale ie dlslsdietio qv a ew'otlep sw deine we ee als 3 — 
S; Coarse sandstone, slightly sulphureous. . 2... 6.402. cecccee soc eeciens once apiyen ee 5 — 


9. Hard compact sandstone, containing very little sulphur. 


The lignite varies from a quarter of an inch to eight inches in thickness. ‘he sulphur effloresces from 
some of the beds in great quantities. The vegetable impressions are fragments of leaves and stalks too 
imperfect for determination ; the only interesting specimens met with being small seed-vessels. The beds 
have been thrown into great confusion at this spot by a basaltic dyke (Pl. XV. Sect. 3 and 10). 

The lignite beds, near Cape Espjchel, occur in the calcareous division of the formation; and the fol- 
lowing section may be seen in the cliff, about a mile to the north of the Chapel :— 


Limestone, alternating with sandstone. 
MEMO SONS: Svea wiles depois: ects stds coe iaiutah alibi a nietepe te atc 3 feet. 
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Limestone, very sandy .......... Pet Vane Sass suet eo feet 
WHO 5 4 SE E58 5554 2B ee ee 2— 
oe STRSTR SS oe 2— 
Pm uite; Mery UNPNUTCOUB no) 2 oo ales ce cee sess se 1 — 
SSe PAIN ERCO TES MONGMU iia cri cia a) s)ain's sips s sins oe ep veeaecs 4. — 
Wel rIvOlWANIGUS COMOUSS)).. 5. /.c75- sce s oe 2 io Sess eee eee 20 — 


Limestone, alternating with sandstone. 
The coarse sandstones of the lower division of the formation. 


We were told that the lignite may be traced along the cliff northward for several miles to Aganheira, 
and that there it is thicker and of better quality. 

To the eastward of Cezimbra a similar section of sulphureous marls, accompanied by lignite, sand, sand- 
stones and limestones, is exposed on the beach: the beds of lignite are not more than half an inch in 
thickness, and were it not for the abundance of sulphur, might easily be overlooked. 

The resemblance of the sulphureous deposits at Cascaes and Cape Espichel is so great, that they must 
be considered as identical, although at Cascaes they occur above the calcareous beds, and at Cape Espi- 
chel among them: this lessens the importance of the divisions of the formation. 

The tepid springs of Estoril, near Cascaes, rise so close to the sulphureous beds, that the water probably 
derives its virtues from them : the celebrated hot springs of Caldas da Rainha in Estremadura rise through 
the upper division of this formation, and may possibly owe their sulphureous qualities to similar beds. 

Gypsum has been worked in some quantity near the village of Sta Anna, three miles from Cezimbra. 
I did not examine the spot, but have reason to believe that it is in immediate connexion with the sul- 
phureous marls. 

Organic Remains.—The following fossils have been found in the calcareous division of the formation : 

Terebratula biplicata (var. b.), Sow. Min. Con., 90, f. 2 and 3, a shell of our green sand. 

Perna rugosa, Goldfuss, t. 108, f. 2, found also “ in stratis arenaceo-oolithicis Westphalia.” 

Trigonia (Lyrodon, Goldfuss, t. 136, f. 5, e,) figured by him as a variety of 7. literata, from which it 
is apparently distinct. ; 

Astrea, two species, one of which bears a strong resemblance to a coral common in the coral rag of 
Steeple Ashton. 


3. Espichel Limestone, (Pl. XIV. and Pl. XV. Sect. 1, 2, 4, 5, 7, 9, 12, and 13.) 


Near the Cintra hills the red sandstone rests upon a calcareous formation of very 
considerable thickness, to which, from its also forming the point of Cape Espichel, 
I give the name of Espichel limestone. Its principal deposit is a flat barren tract, 
which encircles the whole range of the Cintra hills, and attains its greatest breadth 
where the road from Lisbon to Cintra crosses the Charneca, but in other parts it is 
of little extent. It rests throughout conformably upon the slate-clay, dipping from 
the Cintra hills as from a centre at angles varying from 20° to 75°. There is an 
exception to this dip on the north of Cintra, where a line of disturbance, ranging 
east and west from Algerao to the coast, has raised some of the beds into a saddle, 
and formed two parallel faults. This dislocation may be seen to the north and north- 
east of the town of Cintra, and in the cliffs near the Praia de Macaas (Sect. 2, 4 
and 5), but it is concealed near Colares by the red sandstone which overlies part 
of the formation. 
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In the whole of the district round Cintra, the formation consists of thick beds of 
coarse grey limestone, alternating with thinner beds of shale or marl: at the bottom 
of the formation the limestone beds are thinner, of a darker colour, a more earthy 
structure, and a slaty fracture. 

The hills along the coast, from Cezimbra to Cape Espichel, consist of the same 
formation. Beds of coarse grey limestone alternate with layers of shale, marl, and 
sandy clay, but the argillaceous beds are less important there than near Cintra. The 
dip of the strata is nearly north, varying from 45° to 70°; but at Cezimbra Castle, 
an igneous rock has caused great disturbance in them. The lowest beds are not 
exposed in this district, nor is the formation upon which they rest. 

The lofty ridge of the Serra de Arrabida may possibly belong to the same for- 
mation, but I have no conclusive evidence upon that point. It consists of a com- 
pact, light grey limestone, with partings of marl only between its lower beds, which 
have a similar earthy character and slaty fracture with those near Cintra. It agrees 
very nearly in strike and dip with the limestone ridge of Cape Espichel, from which 
it is separated by a fault at Cezimbra; but the absence of the alternating shales and 
marls, so marked near Cintra and Cape Espichel, renders the identity of the two 
deposits doubtful, and, unfortunately, I met with no fossils in the limestone of the 
Serra de Arrabida. 

The strike of the beds in the Serra de Arrabida is nearly east and west, and their 
prevailing dip is north at a high angle ; but at the western end of the Serra the dip 
varies to N.W. and N.E., and on the northern side of the Serra de Vizo, it is 45° 
S. At these last-mentioned spots, the limestone rests unconformably upon the 
older red conglomerate. 

Near St. Ubes are two detached points of limestone which appear to belong to 
the rock of the Serra de Arrabida: the one forms a conical peak on the east side 
of the road from Palmella to St. Ubes, its beds dip S.E. about 80° (Sect. 9.) ; the 
other rests upon the older red conglomerate at the southern side of the Serra de 
San Luiz, and dips 45° S. (Sect. 13.); both these masses approach to conformity 
with the limestone of the north side of the Serra de Vizo. 

Organic Remains.—The following shells were found in this formation :— 

Trigonia scabra, Deshayes, Coquilles Caractéristiques des Formations, t.13, f. 4 and 5, a species consi- 
dered characteristic of the green sand in France, and common in the green sand at Blackdown, Devonshire. 

Nerinea Defrancii, Deshayes, Expédition de Morée, t. 26,f. 1 and 2 (NV. suprajurensis of Voltz), found 
also in the coral-rag at St. Mihiel, in the Neocomian beds at Neuchatel, and in the upper green sand of 
the Morea. 

Nerinea 

Ostrea colubrina, Goldfuss, t. 74, f. 5, found in the coral-rag of Wurtemberg. 

Exogyra plicata, Goldfuss, t. 87, f. 5, a species found in the chalk in France and Belgium, and abun- 
dant in the Hippurite limestone near Lisbon (ante p. 116). 
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4. Slate-clay and Shale with trap. (Pl. XIV. and Pl. XV. Sect. 1, 2, 4, 5 and 7.) 


In the neighbourhood of Cintra, the Espichel limestone rests conformably upon 
an argillaceous formation, which constitutes a low rounded ridge, encircling the 
Cintra hills, which may be most advantageously examined at Ramalhao and 
Linho. 

The upper beds consist of shale and schist varying much in character ; below 
them are numerous beds of slate-clay alternating with a variety of igneous rocks, 
and the lowest part is a thick deposit of dark shale. In no portion did I find any 
organic remains. 

The beds of igneous rocks vary from five to twenty feet in thickness, and the 
shale-beds are still thicker. The whole are regularly interstratified without any 
signs of disturbance. The shale rests with perfect conformity upon the San Pedro 
limestone, and dips on all sides from the axis of the Cintra chain at angles varying 
from 30° to 60°. 

Near Ramalhao, where the series is most developed, there are twenty or thirty 
distinct alternations of igneous rocks. On the north side of Cintra the formation 
is less important, and becomes gradually thinner; and in the cliffs at the Praia de 
Adraga it does not exceed 200 feet in thickness, and contains only one igneous bed, 
about twenty feet thick. I did not follow the formation quite round the south of 
Cape Rock, and do not therefore know its exact importance at that point. 

It is difficult to account for these alternations of igneous and aqueous beds, ex- 
cept by supposing that the igneous matter was poured out at intervals during the 
accumulation of the shale. There is no evidence to prove, whether these eruptions 
took place from the spot, where the granite hills of Cintra were afterwards elevated. 
The original formation was probably shale, which was altered into slate-clay by 
the heat of the igneous matter. 

The trappean rocks vary much in character within a few yards in the same beds ; 
some portions being basaltic, others sienitic. 


5. San Pedro Limestone. (Pl. XIV. and Pl. XV. Sect. 1, 2, 4, 5 and 7.) 


Below the last formation occurs a considerable deposit of limestone, which rests 
upon the granite, and forms an inner zone around the Cintra hills. 

The limestone in the upper beds is dark grey or black, and of an earthy struc- 
ture, and in some places it is very bituminous, and passes into swinestone ; but as 
it approaches the granite, it gradually changes into a crystalline marble, and from 
that into calcareous spar. The formation is well exposed on the road-side, and in 
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some large quarries at the village of San Pedro, from which I have taken its name. 
At this spot the beds succeed each other in the following order :— 


Dark grey, compact limestone, several hundred feet thick. 
Grey limestone, with slight traces of crystalline structure, in the 


lower part becomingiarantlans 5 )\... . 5 ceriuie ees ae os cnes 200 feet. 
Coarsely crystalline marble, white, or white and PAA Bre OTe 100 — 
Irregularly crystallized calcareous spar, usually grey ........ 100 — 


Calcareous spar, breaking into large crystals ; colour bluish-white. 
Granite. 


The same gradual change may be traced around the Cintra hills, wherever the 
limestone can be seen resting upon or approaching the granite. In some spots 
the crystalline marble is quite equal in colour to the Carrara, but it is too soft 
for use. 

The stratification of the limestone is hardly altered by the change of structure, 
but the crystalline beds are thicker than the others. The alteration is very gra- 
dual, the characters of each bed being uniform, and a slight change taking place 
between it and the one next below. 

The strata dip from the granite at angles varying from 40° to 70°; near San 
Pedro they are considerably dislocated. 

Organic Remains.—I found in the limestone the casts of one univalve and one 
bivalve, but too much crushed to admit of determination. 


6. Older Red Conglomerate. (Pl. XIV. and Pl. XV. Sect. 9, 11 and 13.) 


On the west of St. Ubes a coarse conglomerate rises into hills of considerable 
height, in a position entirely unconformable to the neighbouring formations. There 
is no clue to its place ia the series, except that it is more ancient than all the sur- 
rounding strata; but as it does not occur near Cintra, there is no evidence of its 
being older than all the formations just described in that district, for the altered 
characters of the two lowest of those deposits make it impossible to compare them 
safely with rocks elsewhere. In this uncertainty, I have left the account of the 
formation to the end of the aqueous deposits ; expecting that it will hereafter be 
found to be older than any of the strata yet noticed. 

The conglomerate usually consists of rounded pebbles from half an inch to more 
than a foot in diameter, firmly cemented in coarse ferruginous sandstone, and 
composed mostly of white or ferruginous quartz ; but pebbles of jasper and mica- 
slate, and a few of limestone also occur. The harder beds have been used for orna- 
mental work in most of the old churches about St. Ubes ; but the stone will not 
take a good polish, owing to its unequal composition. 

The conglomerate forms the highest ridge of the Serra de Covoens, at the eastern 
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extremity of which it is laid open by the St. Ubes’ road. The strike is there nearly 
E. and W., and the dip N. at angles varying from 30° to 50°. The eastern end of 
the Serra de San Luiz consists of the same rock, also dipping N. at about 50°. The 
conglomerate forms all the higher parts of the Serra de Vizo, and the coast to the 
beginning of the Serra de Arrabida. Along this line there is great variation in 
the dip of the beds: at the east end of the Serra de Vizo, the inclination is south 
about 50°; more to the west it is in some places vertical, and at others 50° to the 
north ; while at the Torre de Outao, at the foot of the Serra de Arrabida, it is 
N.E. about 70°. 

The lowest beds of the formation are not seen in this neighbourhood, nor is the 
rock upon which they rest. 

A conglomerate of similar character is largely developed upon the banks of the 
Vouga, and overlies mica-slate a little to the south of Oporto. 


PART IJ.—Ieneous Rocks. 


It remains for me to describe the igneous rocks which occur near Lisbon, and to 
point out the alterations which they appear to have caused in the position of the 
aqueous formations. 


Basalt. (Pl. XIV. and Pl. XV. Sect. 1 to 3, 6 to 8, 10 and 12.) 


The principal deposit of this rock forms one of the most important features in 
the geology of the district ; but it extends so irregularly on the west and north of 
Lisbon, that its range can be understood only by referring to the map. Its extreme 
length, from S* Catarina on the Tagus to its northern boundary near Bucellas, is 
about twenty miles, but its width varies greatly. Besides this immense sheet of 
basalt, many of the hills around Oeiras, near the mouth of the Tagus, are capped 
by masses of the same rock, which have evidently been separated from it by the 
excavation of the intervening valleys. The extent of country occupied by this 
deposit cannot be less than eighty square miles, the whole of which appears to have 
been covered by one eruption ; and if, as is probable, the basalt reaches far under 
the tertiary beds, the amount of the eruption must have been greater. 

The basalt varies much in character: in some places it is a hard massive rock 
without any marked joints; elsewhere it occurs in large blocks approaching in 
form to regular polygons ; occasionally it is columnar, and often it is merely 
an indurated black clay, with an unequal schistose cleavage, splitting into very 
irregular rhombs. It is usually compact, but frequently amygdaloidal or slightly 
crystalline; and these varieties commonly pass into each other. The best columns 
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of basalt are at the summit of Cabeca de Montachique to the north-west of Loures; 
some less perfect occur at the foot of a battery called Forte de San Joao das Maias, 
on the bank of the Tagus, near Oeiras. 

The only beds which rest upon the basalt belong to the tertiary series ; they 
cover its south-eastern edge, and were deposited after the cessation of the basaltic 
eruption. The position of the basalt with regard to the secondary formations, 
deserves particular attention. That part of the great deposit to the west of Loures, 
breaks the continuity of the secondary strata (see Pl. XIV. and Pl. XV. Sect. 6 
and 8), both the red sandstone and Hippurite limestone being divided by it into 
two portions. The beds which lie to the northward of the basalt are nearly hori- 
zontal, and are usually overlaid by that rock ; while on the southern side of the 
basalt, the red sandstone is elevated into bold steep hills, in which the beds dip to 
the S.E. at angles varying from 40° to 70°, and in one instance to 90°. The Hip- 
purite limestone, resting upon the southern edge of this line of red sandstone, has 
partaken of the same movement, and dips in the same direction from 30° to 45°, 
the greatest elevation of both of these formations occuring in the narrow ridge of 
hills extending from Canessas towards Loures. ‘The basalt also rests upon the 
southern foot of this elevated ridge of Hippurite limestone, and thence it reaches to 
the Tagus, the elevation of the limestone gradually diminishing, and the sheet of 
basalt thinning off to the southward, till, along the bank of the river, the basalt 
rests upon nearly horizontal beds of the limestone (see Coast Section 3), filling 
up hollows in the surface, and gradually diminishing in thickness till it is lost 
near Oeiras. On the north-west of Loures the basalt spreads over the Hippurite 
limestone (there inclined about 20°) in the same manner, and thins away toward 
the N.E. till it totally disappears without reaching the Tagus. 

It is therefore evident, that the whole of this great mass of basalt was thrown up 
after the deposition of the last of the secondary and before that of the oldest of the 
tertiary formations, through a great cleft in the secondary rocks which extended 
westward from the site of the village of Loures; that the eruption of the basalt 
elevated the ridge of red sandstone and Hippurite limestone to the south of the 
cleft ; and that the whole of the rest of the deposit of basalt, ranging N.E. toward 
Verdelha and southward to the mouth of the Tagus, flowed out through the narrow 
gorge behind Loures, and spread itself in all directions. 

In no spot does the basalt appear to have passed the present line of the Tite. 
and in some parts, as already stated, it has not even reached it, thinning away on 
the north near Verdelha, and at the entrance to Lisbon from Campolide. 


The section in the cliff of Cascaes Bay (Pl. XV. Sect. 10) affords a good example of the disturbing 
power of basalt. About a quarter of a mile east of Cascaes a perpendicular wall of basalt, thirty feet 
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thick, rises from the beach to the height of twenty feet; and a few hundred yards farther two smaller 
basaltic dykes rise in a similar manner. The basalt can be seen only on the beach, as the dykes run in- 
land, and are entirely covered by the red sandstones belonging to the upper division of that formation, 
constituting the cliffs with the adjacent country, and containing the sulphureous and lignite beds before 
described. The disturbance produced by the basalt is so great, that eleven considerable faults occur in 
the cliff within half a mile; and to the same cause must be attributed the greater dip of the strata of 
red sandstone in this district than to the westward of Cascaes. The line of elevation which begins at 
Cascaes Bay runs north-east to the steep ridge of hills already mentioned between Canessas and Loures, 
so that all the red sandstone between Cascaes and Loures is thrown up in the same direction, dipping 
to the S.E. From this it may be concluded, that the whole of that range of hills was elevated by one 
basaltic eruption; and although we cannot trace the basalt below the surface along the line, still, as it 
has burst through the strata at one extremity and upheaved them at the other, the whole must be 
attributed to one cause, and the dykes at Cascaes considered to belong to the same period as the basalt 
of the great eruption near Loures. 


Between Loures and San Estevao das Galés a mass of basalt caps a hill of Hip- 
purite limestone, the beds of which dip both from the north and south sides of the 
hill toward the centre. This is the only spot where such an irregularity is met 
with, and it may have been caused by a small eruption of basalt through the centre 
of the hill. In any case, the cap is of the same epoch as the basalt already de- 
scribed. 

On the beach to the west of Cezimbra, some masses of basalt have been intruded 
between the beds of red sandstone, and may perhaps be of the same age as the 
above. They have greatly disturbed the strata of sandstone, but the form of the 
coast does not admit of the effects being well shown in a section. This is the only 
spot south of the Tagus, where I met with basalt. 

To return to the north of the Tagus. Many hills of red sandstone to the north 
of the great eruption are capped with detached masses of basalt ; several of which 
are marked upon the map, but there are probably many others. At Sobral and 
San Sebastiao are two very large masses, and there are some near Chilleiros and 
Areas north of Cintra (Sect. 2 and 6). In all these cases, the basalt rests upon 
undisturbed beds of sandstone, and there is nothing to lead to the supposition, that 
the hills were the vents of eruption ; still it would not be safe to consider the cap- 
pings as parts of the great sheet of basalt around Loures, and their origin and date 
must be left uncertain. One mass, about three miles N.W. of Cintra, and near 
Fontanellas, deserves separate mention. It appears to be of an older date than 
the red sandstone ; and though there is no section showing the junction of the two 
rocks, yet, as far as I could observe, the beds of sandstone rest horizontally upon 
the basalt, which is of a more porphyritic character than is usual in this district. 

Although I had innumerable opportunities of examining the junction of the sub- 
jacent rocks with the basalt, which rests in different places upon nearly every bed 
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of the red sandstone and Hippurite limestone, I could not find a single instance of 
the stratified rocks having been altered by it. The basalt invariably lies imme- 
diately upon the formation below, without the intervention of any foreign mate- 
rials; except in a quarry on the west side of the valley of Alcantara, where a 
deposit, such as might have been formed by the rolling forward of the mass of 
basalt, occurs between that rock and the Hippurite limestone. The section is as 
follows :— 
Hard compact basalt. 
Basaltie cbatyeretr. teres oso) ieiaie cfelctveratecal e bicesinie a. diatatecum eierr as 10 feet. 
Breccia of ferruginous clay, containing argillaceous pebbles ap- 
parently @aleined 65). 2) )aei bi n8 2 i5/s siajew sad hl stele stale. 44 bials 6 — 
Rubble of marl and clay, containing angular fragments of lime- 
stone and calcined ferruginous pebbles .................. i Ae 
Limestone, quite unaltered. 


The beds of trap interstratified with the slate-clay around Cintra having been 
described, it is unnecessary to recur to them, except to repeat that they are much 
older than the great mass of Lisbon basalt, and contemporaneous with the forma- 
tion of shale. 

An eruption of trap-rock at the northern foot of the conical hill on which stands 
the Moorish castle of Cezimbra, has elevated the Espichel limestone and the red 
sandstone to a high angle. The rock is an amygdaloid, consisting principally of 
felspar and green earth. The limestone dips at 70° from the trap on the northern, 
eastern, and southern sides of the hill, and the red sandstone inclines in the same 
directions at angles varying from 45° to 60°. (See Sect. 12.) 

The limestone, for the thickness of fifty feet above the trap, is more crystalline 
than usual. There is nothing to point out the period of the eruption. 


Granitic Rocks. 
(Pl. XIV. and Pl. XV. Sect. 1, 2, 4, 5 and 7.) 


The range of hills which extends from Cintra to the Atlantic, consists of granitic 
rocks. Its greatest length from San Pedro to the lighthouse on Cape Rock is 
about seven, and its extreme width about four miles. The highest points are 
not 2000 feet above the sea, yet they possess all the picturesque character of alpine 
scenery. 

The prevailing rock is granite, consisting of nearly equal proportions of quartz 
and felspar, with a little mica ; but it sometimes contains magnetic iron-ore, disse- 
minated in small grains. Along the whole chain, the central parts of the hills are 
formed of a coarse-grained granite, which splits into large irregular blocks; and the 
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outer portions of a soft fine-grained granite with a schistose cleavage. In some 
places the grain is so fine and the cleavage into rhombs so marked, that the rock 
might easily be mistaken for sandstone if we were not able to trace the passage into 
a granite presenting its usual characters. Near Cintra the thickness of this schistose 
granite is not great, but near the lighthouse it is more considerable, and its pecu- 
liarity of character more marked. Link*, in describing this neighbourhood, seems 
in doubt about its nature, and calls it granite passing into sandstone. On the road 
to the lighthouse are many instances of veins of the hard larger-grained granite in 
the schistose granite ; but the varieties pass into one another, showing that they 
were all formed at the same time. 

Toward the western end of the chain, sienitic and porphyritic rocks occur in 
several places ; and the chapel of the Peninha stands upon the junction of a mass of 
decomposed felspar-porphyry with the granite. Near Atalaya, I picked up some 
loose specimens of handsome red porphyry in the bed of a torrent. There is no 
section of the relative positions of the granite, sienite and porphyry; but from all 
I could see, I consider them to have been formed contemporaneously. 

The granite is in several places intersected by veins, particularly near the western 
end of the chain. Near Atalaya it is traversed by a very thin vein of granite 
quite distinct from the mass of the rock ; and in a ravine near the same place two 
veins traverse the granite, one being horizontal, about two feet thick, and of a 
sienitic character, the other perpendicular and of less importance. Both these 
veins pass so gradually into the granite, that they must have been formed at the 
same period with it. Near Cintra I met with a specimen of granite intersected by 
several veins, some of them not thicker than a sheet of paper ; and they are too 
thin to have been formed by an injection of granitic matter into a crack. Near the 
Peninha chapel thin veins of granite traverse the porphyry. 


Fau.ts anp DIsLocaTIONS. 
Near Cintra. (Pl. XV. Sect. 1, 2, 4, 5 and 7.) 


Few districts offer such good opportunities of studying the question of elevation 
as that of Cintra. The granite rises to the height of nearly 2000 feet in one mass 
of moderate extent and at a great distance from any similar rock, so that the effect 
which it has produced upon the position of the surrounding strata may be investi- 
gated as a single problem. 


Sections 1, 2, 4, 5 and 7, show the position of the secondary formations on every side of the Cintra 
hills; each of them being drawn in a different direction from the granite as from a centre, so as to show 


* Geol. und Min. Bemerkungen auf einer Reise durch das siidwestliche Europa, p. 59. 
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the position of all the formations near the granite, both with reference to that rock and to each other. In 
Nos. 2 and 5, extending north from the granite, the three lowest formations, the San Pedro limestone, the 
shale, and the Espichel limestone are seen greatly elevated, and dipping from the granite at angles varying 
from 20° to 80°. 

The coast being very rough, I could not trace Section 5 so far as the preceding one, but the two agree 
to the extent they can be compared. In these sections and in No. 4 all the beds of Espichel limestone 
have not been equally affected ; and from some cause not apparent, there is another line of elevation 
parallel to that caused by the granite, which has raised some of the beds of limestone into a saddle. 

In Sections 1 and 7, which show the south-east and south sides of the chain, the San Pedro limestone, 
shale, and Espichel limestone are also raised by the granite, dipping from it at angles varying from 30° to 
70°, the angle always increasing as the bed approaches the granite. Around these two sides of the hills 
the disturbing forces have been fewer, and the elevation of the three formations is very regular. 

Section No. 4, drawn from the palace at Cintra to the N.E., offers irregularities which require parti- 
cular notice. The San Pedro limestone is raised into a saddle, and the slate-clay dips from it on both 
sides, abutting against the granite, below the palace. The form of the whole mass of granite being 
nearly triangular, the strata which rest upon it have two principal lines of strike, parallel to the northern 


-and south-eastern edges of the granite range ; these two lines meet at a sharp angle just below the town 


of Cintra, and at their point of intersection the beds are forced up into a saddle, accompanied by several 
minor dislocations, one of which is shown in Section 4. 

As the sections round the granite agree in representing the three oldest formations as resting at high 
inclinations upon that rock, we must conclude, that the granite was elevated to its present position after 
the deposition of the Espichel limestone, the newest of those formations. 

Let us now examine the question with regard to the next formation, the red sandstone. Section 2 
represents the sandstone resting nearly horizontally upon the elevated beds of Espichel limestone, and 
the want of conformity is the more apparent, as the sandstone rests upon the basset edges of the lime- 
stone, and dips in a contrary direction. There is also a want of conformity between the same beds on 
the south side of the Cintra chain. These two sections prove conclusively, that the sandstone was depo- 
sited after the elevation of the rocks below it, and after the granite had assumed its present height. There 
are, however, other sections bearing upon the case; in No. 4, the beds of sandstone are almost conform- 
able with the uppermost beds of the limestone, but the beds of both rocks are so nearly horizontal, that 
no argument can be drawn from them. In Sections No. | and 7 there is also a conformity between these 
two formations, the sandstone dipping from the granite at angles of 20° and 30°. This seems to militate 
against the conclusion just drawn ; but the map shows, that these sections cross that ridge of sandstone 
hills extending from Cascaes to Loures, which has been proved to have been raised at a later period by 
the basalt ; and their inclined position is thus accounted for without reference to the eruption of the 
granite. We may therefore assume that the granite-hills of Cintra were elevated to their present position 
between the formation of the Espichel limestone and that of the red sandstone. The change produced 
by the granite upon the limestone in contact with it, has been already described at p. 123. 


Disturbance of the Strata between Palmella and Cape Espichel. (P|. XV. Sect. 1, 9, 11 to 13.) 

The country between these two places forms so distinct a geological district, that its numerous disturb- 
ances deserve to be described apart. Sections 9, 11, 12 and 13, are drawn nearly parallel to one another 
across this district, to illustrate the dislocations of the strata, by exhibiting all the positions in which the 
beds lie with respect to each other, and they show that there have been considerable elevations at four 
distinct periods at least. 

ist. The unconformable manner in which the Espichel limestone rests upon the older red conglome- 
rate, shows that the latter had been elevated before the deposition of the former. (Section 13.) 
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2ndly. The position of the red sandstone upon the older rocks (Sections 9, 11 and 13), proves that 
these were again elevated after the deposition of the Espichel limestone. 

3rdly. The position of the Almada beds upon the red sandstone at the end of the Serra de San Luiz 
(Sect. 1), shows that the sandstone had been much elevated before the tertiary period. 

Lastly. The tertiary Almada beds have been much elevated all round the older chains ; their usual 
dip being about 30°, but at Palmella it is 50° (Sec. 9), and at the foot of the Serra de Vizo nearly 80° 
(Sec. 13). 

The forces which elevated this district acted at each period in the same direction along an anticlinal 
line ranging S.S.E. from the castle of Palmella. A considerable fault, crossing the red sandstone between 
Cezimbra and Cabo de Ayres, forms the western limit of these elevations, and has divided the neighbour- 
hood of Cezimbra into two districts of disturbance. The dislocating agents are not visible on the east 
of the fault, but to the westward the trap-rock described at p. 127 rises at the northern foot of the castle 
of Cezimbra, elevating the Espichel limestone and the red sandstone to a great angle (Section 12). From 
this spot to Cape Espichel the same formations continue to dip highly to the north ; and from the position 
of the beds, it is probable, that some other eruptive rocks may be found at the foot of the cliffs west of 
Cezimbra, which I had not time to visit. On the beach on the west side of Cezimbra are some large 
blocks of sienite, which could not have come from far, and which were probably derived from the foot of 
the cliffs further on. 

All these disturbing forces had ceased to act before the deposition of the upper tertiary sand which 
was deposited when all the other strata formed a surface similar to that we now see ; the only alteration 
which has affected this formation being that which has raised it above the level of the sea without breaking 
its original horizontality. 


SuperFIcIAL DetriITUS. 


The valleys near Lisbon are often lined with detritus washed down from the hills 
inclosing them, but I did not see any of those accumulations of foreign materials 
which we have been accustomed to call diluvium. Some of the limestone hills, 
especially about Bellas and Loures, have been very much channeled by water, and 
the top of one hill near the latter village is covered by isolated rocks, several feet 
high, of limestone still remaining in situ, but worn into rounded masses separated 
by deep channels. This may have taken place during the tertiary period, for there 
is no evidence that the district has been washed over, since the deposition of the 
tertiary formations, by any of those immense bodies of water of which we see so 
many traces in other countries. 


APPENDIX. 
On the Earthquake of 1755. 


The physical effects of the great earthquake which destroyed part of Lisbon in 
1755, have been very much exaggerated. The accounts of the great loss of life 
and destruction of property carry away the imagination, and lead us to think the 
geological action of the earthquake much greater than it really was. A large 
part of the present town consists of houses erected before the catastrophe, and of 
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the buildings destroyed, nearly as many were consumed by fire as overthrown by 
the shocks. 

With the help of a very detailed account of each parish in Lisbon, published in 1758 
by Joao Baptista de Castro, in the fifth volume of his ‘ Mappa de Portugal’, and after 
a careful examination of the age of the principal buildings, I coloured a map of Lisbon 
in such a manner as to show the violence of the earthquake in the different parts of 
the town. No mischief whatever was done westward of a line which nearly corre- 
sponds with the Rua de San Bento. J.B.deCastro’s assertion of this fact is very deci- 
sive, and there are two structures further west which would have been the first to 
have fallen, had the shock been as violent in that district as in the centre of the town: 
the great bridge of the aqueduct over the valley of Alcantara was not injured, a 
prevalent tradition also says, that only one stone of the parapet was thrown down 
by the earthquake ; and the beautiful gothic church of St. Jerome at Belem, with 
its lofty stone roof supported upon very slender columns, remains uninjured. 

The principal force of the earthquake was confined to the valley reaching from 
the public walk to the Terreiro do Paco and to the low streets which run along the 
side of the river from the corn-market as far as Boa Vista ; the lower parts of the 
adjoining hills also suffered considerably; but beyond these limits, the damage done 
was not great: the quarter of Alfama, behind the castle, consists entirely of old 
houses, and the northern suburbs suffered but little. 

Inext inquired whether the district thus selected by the earthquake corresponded 
with the distribution of the strata on which the city stands. It is never easy to 
determine the exact boundaries of strata beneath a town; still the irregular, unfi- 
nished manner in which Lisbon is built, the unevenness of the ground, and a num- 
ber of drains which were opened in different parts of the town, enabled me to form 
a tolerable geological survey. The west end of the city stands upon the Hippu- 
rite limestone, and the rest upon the Almada beds, which are nearly horizontal, 
and overlie the Hippurite limestone unconformably, so that the lower tertiary 
beds are not brought up to the surface at the junction of the two formations; all 
the higher parts of the town stand upon the upper Almada beds, and the lower 
streets upon the blue clay, which has been left exposed by the denudation of the 
upper beds. 

On comparing my two maps of the city, I found a very striking resemblance, 
which I had not expected. The greatest force of the earthquake was confined to 
the area of the blue clay, and not one of the buildings which stood upon that bed 
escaped ; those upon the slopes of the hills standing upon the beds immediately 
above the clay, suffered very severely, and the whole of the tertiary strata were 
more or less affected by the shocks. On the contrary, all the buildings erected 
upon the Hippurite limestone and the basalt escaped entirely ; the line at which 
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the force of the earthquake ceased to be destructive, corresponding exactly with the 
boundary of the tertiary beds. 

The earthquake did not destroy many buildings in the neighbourhood of Lisbon, 
but I could not find any account of the extent of the damage done ; yet the little 
evidence I obtained, corresponds with that derived from the interior of the town. 
Saccavem, which stands upon the upper Almada beds, is said to have suffered 
considerably; but Queluz and Odivellas, built upon basalt, were not damaged. The 
bridge of the aqueduct, already mentioned as having escaped, stands across the 
junction of the basalt and the Hippurite limestone. It is therefore evident, that 
the violence of the earthquake was quite unconnected with the presence of basalt, 
with which Link (loc. cit. p. 68) and others have attempted to connect it. 


Postscript, September 15th, 1840. 


Since the preceding paper was laid before the Society, a more complete exami- 
nation of the fossils has altered some of the views I at first entertained as to the age 
of the secondary deposits* ; I had thought the following to be equivalents : 


Hippurite limestone -. . . . . . . . Cretaceous series. 
Red sandstone formation . . . . . . . Oolitic series. 
Depeuciimcsione ss. - . . . s . . Lis. 


I am now disposed to consider all those three formations referrible to the creta- 
ceous series of the North of Europe ; following in this respect the opinion of MM. 
Boblaye and Virlet, who refer to that series a similar succession of beds observed 
by them in the Morea, although I cannot quite agree with those gentlemen in 
identifying the separate beds of the South with individual deposits of the North 
of Europe. _ 

Hippurite Limestone: as this is a calcareous deposit forming the upper part of 
the cretaceous series, and nearly all its shells belong to the chalk and green sand, 
it may be taken as the equivalent of our chalk. 

Red Sandstone Formation: this contains shells of our green sand mixed with 
others of the oolites. MM. Boblaye and Virlet describe, in the Morea, 


Grés vert supérieur, 
Calcaires lithographiques, 
Grés vert inférieur ; 


and in the South of Spain Colonel Silvertop mentions three formations corre- 
sponding with the above divisions ; thus in the Morea and in Andalusia the cal- 


* Proceedings, yol. iii. page 34, 
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careous beds assume a more independent character than in Portugal, where I could 
draw no line between them and the beds above and below. 

Espichel Limestone: the Gres vert inférieur of the Morea is succeeded, according 
to the authors above quoted, by blue limestone with beds of argillaceous marl, 
evidently the equivalents of this Espichel limestone. In both countries, it contains 
an union of species of the green sand and the coral-rag ; yet the evidence of its 
connexion with the cretaceous series is very great ; for Trigonia scabra, considered 
by M. Deshayes as one of the most characteristic shells of the green sand, was 
found in the lowest beds of this formation, as well as Exogyra plicata, the most abun- 
dant shell of the Hippurite limestone. Were this the only bed of the series con- 
taining shells of our oolites, it might be referred to the Neocomian epoch, and the 
comparison of the beds of the red sandstone formation with the upper and lower 
green sands might be admitted ; but as all the Portuguese deposits from the Hip- 
purite limestone to the Espichel limestone, contain some shells of the coral-rag, I 
think it safer to refer the whole to the cretaceous epoch, without attempting to 
identify the beds separately. 

I have not sufficient information about the strata below the Espichel limestone, 
to attempt to compare them with the English formations. 
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VIII.—Remarks on some Fossil and Recent Shells, collected by Captain Bay- 
field, R.N., in Canada. 


By CHARLES LYELL, Esga., V.P.G.S., F.R.S. 
[Read April 24, 1839.] 


Piate XVI. 


SEVERAL eminent conchologists have observed, that in some strata of the En- 
glish crag there are certain species and genera of shells which seem to indicate a 
somewhat colder climate than that which now prevails in our latitudes ; and it has 
been supposed that a similar inference may be deduced with still greater certainty 
from the abundant occurrence of many arctic species in the most modern of the 
marine Newer Pliocene strata of Scotland and Ireland. These opinions induce me 
to offer some remarks on a collection of fossil and recent shells which have lately 
been sent to me from Canada by Captain Bayfield, who procured the fossils from 
the newest tertiary deposits bordering the Gulf of St. Lawrence, and the recent 
Testacea from the Gulf itself. 

The shells were found principally at Beauport, on the east bank of a river of that 
name, which enters the St. Lawrence on its northern side about two miles below 
Quebec, in lat. 47°; but the same formation is traced in the valley of the St. 
Charles and many other places, at heights varying from 30 to 300 feet above the 
Gulf. 


“The strata,” says Captain Bayfield, “are of sand, gravel, and stiff blue clay, similar to deposits at 
present forming lower down, as well as higher up, the St. Lawrence. They fill a valley previously formed 
in an ancient horizontal limestone, containing T’rilobites, Orthocerata, &c. Angular fragments of this 
limestone, and a Trilobite washed out of its matrix, were found amongst the modern shells. The upper 
stratum of sand is nearly 100 feet above the St. Lawrence, and is almost exclusively composed of bivalves. 
The strata have been traced a mile up the valley on the east bank of the Beauport river, the ancient 
limestone forming the west bank. Similar shells were also met with, at a still higher elevation, on the 
north side of the valley of the St. Charles, about three miles from Beauport. In these and all other 
localities of the same formation, the lowest strata usually consist of clay, and the uppermost of sand and 
clay mixed. It is in these last that the shells are abundant, being rare in the stiff blue clay. 
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“The tertiary strata,” says Captain Bayfield, “contain numerous boulders of primary rocks, which 
occur at different levels, not resting upon each other, but as if they had been dropped there at widely 
different times during a long period in which a quiet deposition of clay, sand and gravel had been 
going on, and in which the various genera of Testacea had lived and died. Of course some of the shells 
are broken, and some of the valves separate, as is found in the bottom of the present sea; but many have 
both valves together as they lived, although they separate when taken up, because the ligament no longer 
exists. But all idea of these shells, together with the clay, sand, gravel and boulders having been drifted 
together into their present position by a violent current or rush of water, must be given up at once when 
I state the fact, that the Terebratula psittacea, which you know are so fragile that the smallest stones 
would be sufficient to destroy them if carried along even with a moderate degree of violence by moving 
water, are found with their valves together, and their long and brittle teeth entire as when they were 
living. The whole of the facts lead me to infer, that these numerous erratic blocks have been carried by 
ice, and dropped from time to time on the bed of the tertiary sea."—(Extract from letter, dated 11th 
November, 1835.) 


Deposits containing the same fossil shells were also found at Port Neuf, forty 
miles above Quebec, in terraces of clay and sand, which rise to different levels 
above the St. Lawrence, and parallel to its course. They occur at heights vary- 
ing from 50 to 200 feet above the river. 

When I first received these fossil shells from Captain Bayfield, I was struck 
with their great resemblance to those which I had collected at Uddevalla, in 
Sweden ; and this similarity was confirmed by Dr. Beck, after a minute examina- 
tion. The Sazicava rugosa, so predominant at Uddevalla, is particularly mentioned 
by Captain Bayfield as the most numerous shell in all the deposits, and the Natica 
clausa and Pecten islandicus are very common, as at Uddevalla. On the other hand, 
the fossils at Beauport, considered as a whole, by no means agreed with the marine 
shells now inhabiting the Gulf of St. Lawrence. For the names of most of the 
Beauport shells in the following list, I am indebted to Dr. Beck, who determined, 
in 1836, all that I had then received. . 


1. Last of Fossil Shells from Beauport, near Quebec. 


1. Tritonium Anglicanum, a Newfoundland and Greenland species, or variety, according to some au- 
thors, of Buccinum undatum. See Pl. XVI. figs. 1,2. No. 2 has the ridges less prominent. 

. T. fornicatum, Fabric. Fauna Groenlandica, 399. It is the Fusus carinatus, Lamk. (See Pl. XVI. 
fig. 3.) Recent from Bic, Canada. Dr. Lovén has it recent from Finmark. 7. fornicatum is 
considered by most authors as a variety of /usus despectus, a Greenland species or variety, but 
which seems also undistinguishable from one now recent at Cork, in Ireland, and which is also 
found fossil at Dalmuir, in the Firth of Clyde. 

. Natica clausa (N. septentrionalis, Beck), Brod. and Sow., Zoological Journal, vol. iv. p- 372. Beechey’s 
Appendix, Pl. XXXIV. fig. 3, and Pl. XXXVII. fig. 6, a species still living in Greenland, the 
North Sea, and North America. Very common at Uddevalla, 

4. Scalaria borealis, Philosophical Transactions, 1835, Pl. II. figs. 11, 12.’ Living in Greenland seas, 

according to Beck. 

5. S. Groenlandica, var.? (Pl. XVI. fig. 4.) Dr. Beck was of opinion that this might be the same as 
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the recent shells figured by Chemnitz, and now living in the Greenland seas, but if so the fossil 
species constitute a marked variety, the varices being more slender and more lamellar at their 
posterior ends. 

6. Mya truncata (Pl. XVI. fig. 5, 6.). Shell shorter than the common form, and the posterior truncation 
oblique, and inclined to the basal margin, and with a smaller sinus in the muscular impression. 
This variety is identical with one found fossil by Mr. Smith in Bute, and considered as an extinct 
species, but I have the same recent from the St. Lawrence, and intermediate varieties between it 
and the normal form of MW. truncata. 

7. Mya arenaria. One valve; the same is also recent in the Gulf of St. Lawrence. I have not seen 
this shell, but it was identified by Captain Bayfield, who sent me recent shells from the same. 

8. Saxicava rugosa. Port Neuf. The two varieties of this species which prevail at Uddevalla are also 
common at Beauport. One of these I have figured in the Phil. Trans. 1835; Pl. II., the other 
with the umbones more central is figured in the annexed Plate XVII., fig. 7. There are inter- 
mediate ones between these two. 

9. Tellina gréenlandica, Beck. (Pl. XVIL., fig. 8a., 8b.). Also living in the Gulf of St. Lawrence ; and 
at the Iey Cape, according to Mr. G. Sowerby. 

10. Tellina calearea, var.? Wahlenberg, p. 36. (I. proxima, Brown, T.triangularis, Phil. Trans. 1835; 
Pl. XVII., fig. 9,10, 11.). The fossil from Canada differs slightly from that which is so com: 
mon at Uddevalla, and from the same which occurs fossil at Bute, both in its larger size and in 
the form of the palleal impression, which does not extend so far forward. See Pl. XVII 
figs. 9,10. I have a recent one from the Norway seas identical with the Uddevalla variety. 

11. Nucula. One broken valve which I have not seen. 

12. Mytilus edulis. 

13. Pecten islandicus. Living in the North Sea; not known as British, but occurring in the newer 
Pliocene beds in Scotland. 

14. Terebratula psittacea, var. Scarcely showing any of those traces of longitudinal strize which are com- 
mon in the living species from Labrador, but considered by Dr. Beck and Mr. Sowerby to be 
the same as the recent species, which has a wide geographical range, occurring in Greenland 
and the Feroe Islands, and half-way between these islands and Denmark. 

15. Balanus Uddevallensis, Lin. (B. scoticus). Same as the large Balanus found fossil at Uddevalla, 
and not distinguishable from B. scoticus (genus Chirona of Gray), a British species found in 
the German Ocean off Scarborough. The Uddevalla and Beauport specimens are similarly 
striated externally. (See Phil. Trans. 1835; p. 37.) 

16. Balanus miser, Gould, (Pl. XVIL., fig. 12a.,) f. 12 b. is a single valve of an elongated variety. 

17. Echinus. Fragments apparently identical with a living species found in the Gulf of St. Lawrence. 


Although the fossil species amount to no more than sixteen, the number of indi- 
viduals examined was very great, affording in this respect a striking analogy to the 
deposits near Uddevalla in Sweden. This limited variety of species, so different 
from that observed in the present fauna of the neighbouring gulf, seems to favour 
the hypothesis that the climate was formerly much colder. 

For the sake of comparison I subjoin a list of the recent marine shells of the 
Gulf of St. Lawrence, forwarded to me by Capt. Bayfield, in the naming of which I 
have been assisted by Dr. Beck and Mr. George Sowerby. 
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2. List of Recent Marine Shells collected in the Gulf of St. Lawrence. 
1. Pholas crispata. 25. Mytilus edulis. 
2. Glycimeris siliqua. 26. Modiola glandula, Gould. Rare in the St. 
3. Solen Americanus. Lawrence. 
4. Solenocurtus nitidus, Say. 27. plicatula ? 
5. costatus, Say. 28. — papuana. 
6. Mya truncata. 29. Pecten islandicus. 
7. arenaria. 30. magellanicus, Lamk. 
8. Pandora trilineata, Say. 31. Ostrea Americana. 
9. Anatina Leana, Conrad. (Cochlodesma Le- 32. Balanus costatus. 
ana, Couthouy, Boston Journ.) Rare in 33. miser. 
Gulf of St. Lawrence. 34. Buccinum undatum. 
10. Mactra ovalis, Gould. (M. similis, Gray, 35. cyaneum, Brug. (Tritonium cya- 
MS. in Brit. Mus., Beechey Zool. T. xliv., neum, Beck.) Query var. of B. undatum. 
f. 8.) 36. , N.S., allied to B. undatum. 
11. Mactra solidissima, Say. (M. giganteum, 87. obsoletum. (Nassa obsoleta, Say.) 
Chemnitz.) 38. Nassa trivittata, Say. 
12. Mesodesma Jauresii. (Joannis in Mag. de 39. Purpura lapillus, var. 
Zool. t. liv. 1834.) 40. Rostellaria occidentalis. (Aporrhais occiden- 


13. Saxicava rugosa, both the varieties mentioned talis.) 
in the preceding list of fossil shells. 41. Fusus carinatus, Lamk. 
14. Petricola pholadiformis. 42 , allied to or identical with recent species 
15. Tellina groenlandica, Beck. (Sanguinolaria from Icy Cape. 
fusca of American authors.) 43 , N.S., allied to F. turricula. 
16. Venus mercenaria. 44 , N.S., also allied to F. turricula. (Murex 
17. Astarte borealis, var. turricula, Mont.) 
18. sulcata. 45. Natica ampullaria, Zamk. (N. heros, Say.) 
19. ———., probably N.S. 46. Turritella erosa, Couthouy. 
20. , allied to compressa, perhaps identical. 47. Littorina vestita. (Turbo vestitus, Say.) 
21. Cardium groenlandicum, Lamk. (Aphrodite 48. — palliata. (Turbo palliatus, Say.) 
columba, Zea; Amer. Phil. Trans.) 49, Lacuna vincta, Turton. 
22. Cardium islandicum. 50. Margarita striata. 


23. 


24. 


Nucula myalis, Couthouy. 
concentrica, Say. 


. Crepidula fornicata. 
. Patella testudinalis. (Lottia, Gray.) 


The torrents and rivers, says Capt. Bayfield, which flow into the St. Lawrence 
sweep down annually into that estuary great numbers of fossil shells from the 
modern tertiary deposits, so that they are mingled with living shells, and thus the 
productions of two periods are confounded together. Of this intermixture there 
appear abundant examples in a collection of shells dredged up by Capt. Bayfield 
from the mud at the bottom of the Gulf of St. Lawrence, near the island of Bic, 
where the water was between fifteen and sixteen fathoms deep. Among these the 
recent shells may generally be distinguished by retaining their colour, animal mat- 
ter, or ligaments. It is more difficult to feel sure respecting those which have 
been exclusively derived from the tertiary deposits, but I have little doubt that to 
this number belong several specimens of the Balanus Uddevallensis, (fifteen of 
list No. 1.) and a Fusus, nearly allied to F. Jamellosus, Lam., a species now living at 
Icy Cape, N. lat. 70°, and common at Uddevalla*. Both of these shells have been 


* Phil. Trans., 1835, p. 37, where it is called Rumphius, misprint for F’. Bamfius. 
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dredged up at Bic, in the same state as the Beauport fossils, but none of those 
sent to me were in the state of recent shells. 

The newer Pliocene fossils therefore of Canada, so far as they have been hitherto 
examined, belong to species which either range in a living state from the Gulf of 
St. Lawrence to the borders of the north polar circle, or are now only known in 
high northern latitudes, as in the seas of Greenland, Iceland, and Norway, or agree 
with varieties or species found in the newer Pliocene deposits of Scotland and 
Sweden. On the other hand, many of the living species of shells now most con- 
spicuous from their size or abundance in the Gulf of St. Lawrence are wanting in 
the collection of fossils hitherto obtained, as for example, Mactra solidissima, Me- 
sodesma Jauresii, Purpura Lapillus, var., Natica Heros, Rostellaria occidentalis, and 
several others. 

It would doubtless be rash to insist positively on any general conclusions which 
we may be tempted to draw from so small a number of fossil shells as those hitherto 
procured in Canada, but judging from them alone, they approach more nearly to 
the fossils of the most modern deposits of northern Europe than do the actual 
faunas of Kurope and America in corresponding latitudes. The number of testacea 
indeed hitherto regarded as common to the opposite sides of the Atlantic is very 
small. Eleven only were known to Dr. Beck in 1836, and Mr. George Sowerby 
was able to add no more than four or five after a recent comparison of a large col- 
lection of shells of North America with those of Europe; and the fifty-two recent 
shells obtained by Capt. Bayfield from the St. Lawrence have only contributed one 
more to the number, namely, Cardium islandicum, which inhabits the northern 
parts of the German Ocean. Capt. Bayfield informs me that he also discovered 
the Cardium islandicum fossil at Port Neuf, although in too disintegrated a state 
to be preserved. 

As the climate of Canada is now excessive, it is natural that we should find in 
the Gulf of St. Lawrence many northern and arctic species, and no mixture of tro- 
pical forms, for these last cannot resist severe cold, although we know from the 
analogy of the southern hemisphere that they can extend far toward polar lati- 
tudes, dispensing with a high temperature in summer provided the winters be mild. 

It is very probable, therefore, that in the period immediately antecedent to the 
present the climate of Canada was even more excessive than it is now, and that 
the shells resembled still more closely that small assemblage now found in high 
northern latitudes. This extreme cold may have coincided with the era of the 
principal transportation of erratic blocks, which have reached the 36° 30! degree 
of latitude in North America*. 

* Darwin, Journal of Travels in South America, in Voyage of H. M. S. Beagle, Appendix, p. 614, 


who cites Rogers. 
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It is evident from the manner in which large fragments of rock are irregularly 
interspersed among the shelly strata near Quebec, as described by Capt. Bayfield, 
that when these deposits were taking place the transportation of blocks by ice was 
going on continually, as at the present moment, in the St. Lawrence. 

I have mentioned that many of the testacea which now inhabit the Gulf of St. 
Lawrence, lat. 48° N., and some others which are found fossil in the Beauport beds, 
are of the same species which now live in the Northern Ocean between the lati- 
tudes 60° and 75° N. Perhaps the constant melting of ice in the Gulf may have 
some influence in promoting the range of northern species by cooling the waters 
to a temperature below that of the air in summer. This effect may be produced 
not only by the great quantity of ice which is drifted in the spring from Baffin’s 
Bay along the coast of Labrador and then through the Straits of Belle Isle into the 
Gulf of St. Lawrence, but also by the ice which descends the St. Lawrence itself. 
This cause may help to assimilate the temperature of the sea in Canada at a certain 
depth to that which belongs to it nearer the surface much farther north. The 
wide distribution of species alluded to may be favoured, not only by the direction 
of the great current which runs from Baffin’s Bay southward, and which may drift 
along the eggs of mollusca, or their young, but also by the ice islands themselves, 
which are continually stranding on all parts of the coasts and again leaving the 
same, so that they may carry away with them not only mud, sand and blocks of 
granite, but also many entire and living shells. 

In a letter, dated Nov. 1837, Capt. Bayfield says, ‘‘ Last spring I watched the 
ice of Lake St. Peter, which takes two or three days to pass Quebec every spring, 
and had the pleasure to observe several boulders of considerable size, and many 
small stones, sand, earth, reeds, and plants on their way down the river, drifting along 
at a rate measured by the excess of every ebb tide over the preceding flood. The 
latter flows 42 hours at the rate of three knots, the former about 7} hours at four 
knots. Any boulders and other matters which are thus transported are liable to 
be dropped, at various points along the bed of the river, as the ice gives way to the 
increasing temperature of the air and water in the spring of the year. The fresh- 
water shells, which are often found washed up on the beaches, are doubtless carried 
low down the estuary in this way, being frozen into the mass of ice which forms 
on the shoals where they abound.” 

I have spoken of the deposit at Beauport and other places as belonging to the 
most modern tertiary or newer Pliocene period, and the only doubt which can be 
entertained as to its age is, whether it ought rather to be referred to the post-ter- 
tiary era, or to that in which all the shells are identical with species now existing. 
As the number hitherto obtained amounts to no more than sixteen, it would be 
premature to offer a positive opinion on this subject. Some conchologists would 
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probably incline to believe, that two shells of the above list which I have figured, 
Scealaria gréenlandica and Tellina calcarea, ought to be regarded as new and distinct 
species. In every case it seems clear that when the Beauport fossils were de- 
posited the testaceous fauna approached more nearly to that now established in 
the arctic regions, than to that which characterizes at present the Gulf of St. Law- 
rence ; and the small number of species, amid so great a profusion of individuals, 
affords, as before hinted, a strong argument in favour of the greater severity of the 
climate at an epoch immediately antecedent to the present. Nor should we be 
surprised at discovering that there have been oscillations of climate in times which 
are, comparatively speaking, of recent date, when we see proofs of considerable 
geographical changes within the same epoch, namely, those which in Canada have 
converted sea into land, and raised the shelly strata above described to the height 
of 300 feet. 

I think it probable that this extreme climate prevailed at once in the north of 
Europe and in Canada at the time when the shelly strata of Scandinavia and the 
basin of the St. Lawrence were simultaneously accumulated, and that there was 
then a more close resemblance between the shells living in these latitudes, on either 
side of the Atlantic, than we find at the present epoch. 


Description of Plate XVII. 


Fig. 1, 2. Tritonium anglicanum. (Buccinum undatum?) Fig. 2 has the ridges less prominent. 
Fig. 3. 7. fornicatum, Fab. (Fusus carinatus, Lamk.) 
Fig. 4. Scalaria Groenlandica, var. ? 
Fig. 5, 6. Mya truncata. 
Fig. 7. Saxicava rugosa, variety having the umbones more central. 
Fig. 8. Tellina Groenlandica, Beck. Fig. 8.a. shows the outer, and 8. b. the inner side. 
Fig. 9, 10, 11. Yellina calcarea, var.? Wahlenberg. (7. proxima, Brown, T. triangularis, Phil. Trans. 
1835, p. 36.) 
Fig. 12. Balanus miser, Gould. 12a. shows the ordinary form; 12.b. represents a single valve of an 
elongated variety. 


The above eight species found fossil at Beauport, Canada. 
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1X.—On the Distribution of Organic Remains in the Strata of the Yorkshire 
Coast, from the Upper Sandstone to the Oxford Clay inclusive. 


By W. C. WILLIAMSON, Esa. 


[Read May 9, 1838. ] 


IN two former papers read before the Members of the Geological Society*, I 

described the distribution of fossil remains in the strata from the Lower Lias to the 

Bath Oolite inclusive. I now continue the series in the same ascending order. 
Next in succession, after the Bath Oolite, is the 


Uprer SANDSTONE AND SHALE OF PHILLIPS. 


These sandstones and shales vary so greatly, that it would be impossible to form 
any detailed section equally applicable to all points of the coast. This however 
becomes of less importance, since the removal of the fossiliferous shales of Gris- 
thorpe Bay from the stratum under notice to the Great Oolite has left few fossils 
remaining to the upper sandstone fT. 

This formation first appears at Gristhorpe Bay, but it is there of compara- 
tively inconsiderable thickness. The sandstones forming the point and southern 
side of Ewe Nab seem to correspond with the lower portion of the Gristhorpe 
deposits supposed to be enclosed within the upper beds of the Bath oolite; but 
on the north side of the point, the same fault which so suddenly terminates 
the Crinoidal ironstone, as described in my last papert, also cuts off these sand- 
stones. This fault has a downcast throw of at least 200 feet, for we find the beds 
of the true upper sandstone and shale at the low water mark ; whilst the blue clays, 
corresponding with those of Oxford, are on the same level with the upper portions 
of the Bath oolite, the intervening rocks being exhibited on the scar. From this 
point the true carboniferous sandstones rise towards White Nab, where they overlie 
the argillaceous shelly beds constituting the top of the Bath oolite, as described 
in my last memoir (p. 234), and continue in the form of a series of variable sand- 


* See vol. v. p. 223. + Ibid., p. 234. 
t Ibid., p. 234, where, by mistake, the fault is said to be on the south side of the point. 


144 Mr. Wixu1amson on the Distribution of 


stones to the Spa at Scarborough. On the northern side of Scarborough Castle 
the upper beds of the stratum dip under the cornbrash, and consist chiefly of soft 
yellow sandstones, but near Scalby Beck a mass of soft blue clay intervenes ; 
below this a variable series of sandstones and clays occupies the remainder of the 
coast to Cloughton Wyke, where the lower beds again repose on the Bath oolite. 
After capping the cliffs of Stainton Dale, they do not reoccur on the sea-coast. 

These beds are certainly much thinner to the south than to the north of Scar- 
borough ; and from their changeable character, and the comparative absence of 
organic remains, but three divisions can be established, and these perhaps not very 
distinctly. Mr. Phillips, in his ‘ Geology of Yorkshire,’ vol. i. p. 40, remarks, ‘‘ the 
lower part consists chiefly of thick irregular strata of sandstones. Above is a thick 
deposit of dark- and light-coloured shale, with alternations of thin sandstones.” 
This was written under the impression that the argillaceous deposits of Gristhorpe 
were to be considered as the top of this series. A thick mass of rather compact, 
light yellow sandstones reposes on the Bath oolite; then a series of shales, 
occasionally changing into soft clays, and these are surmounted by another series 
of yellow sandstones much thinner than the lower group. 

The two principal localities for fossils are on the north side of Scalby Beck (near 
Scarborough), where, not far from the top of the lower division of sandstones, the 
beautiful Cyclopteris digitata of Lindley and Hutton (not of Brongniart) occurs ; 
and still lower in the series, in Burniston Bay, a layer of ferruginous sandstone 
contains Pecopteris Murrayana, Otopteris obtusa, and an unfigured Carpolithes ; a 
considerable quantity of imperfectly preserved fossil wood occurs north of Scar- 
borough Castle. In the lowest beds, south of the Spa, I have observed traces of 
Cycadean and Equisetiform plants, as well as quantities of carbonized wood in 
small fragments. The ironstones scattered through the stratum generally contain 
veins of the Scarbroite of Harcourt*. There is no doubt that further investigation 
will materially increase this list of fossils. I have found the Cyclopteris in the lower 
sandstone and shale, whilst Brongniart’s species, which is less deeply lobed and 
more palmate, seems confined to the deposits of Gristhorpe Bay. The Otopteris 
I have not seen from any other stratum ; but so little is yet known of the fossil 
remains of these sandstones, that the above cannot be called characteristic. 


CorNBRASH. 


This formation first rises from the foot of Gristhorpe cliff, at ‘‘ Pudding Hole.” 
By the fault at Redcliff it is thrown down to the shore. Near the northern ex- 
tremity of Cayton Bay it is again observed for a limited extent, but it is soon lost 


* Annals of Philosophy, March 1829. 
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under the thick diluvial covering. The fault at Ewe Nab has thrown the corn- 
brash, on its northern side, half-way down to the low water mark, where a small 
portion is exposed, not observed until recently*. Slight traces of it exist in the 
cliffs above the Spa at Scarborough, and it appears, for the last time, under the 
Castle Hill. It may also occur in some of the high cliffs south of Cloughton Wyke, 
as I have found its fossils amongst the rocks fallen from above. 

The cornbrash seldom averages more than five feet in thickness, consequently 
few subdivisions can be expected. At Cayton Bay it is about four feet, and reposes 
on a blue clay varying from three inches to four feet. The following is a general 
ascending section : 


Blue-clayis saci ea warheads) 2 sees Sap acne se tal eos 3 inches to 4 feet. 
lard: ironshotwmoeksy- 3 news erate cfeneheaiisua stoke este 2 feet. 
Softer rock, sometimes ironshot.................- Y, 


Fissile oolite, easily decomposed by the atmusphere.. 6 inches. 


At Ewe Nab it is less ironshot. At Cayton Bay the clay yields heads and claws 
of a small Astacus? enclosed in round argillaceous nodules, and occasionally 
a rather large bivalve not unlike an Unio, also a small Belemnite, not yet de- 
scribed. The upper fissile portion of the cornbrash contains chiefly Terebratula 
ovoides, T. obsoleta, Ostrea edulina and O. Marshii. The greater number of the 
fossils however occur towards the middle of the bed. The following are the most 
abundant : | 


Clypeus orbicularis. 

Mya literata. 
Amphidesma decurtatum. 
securiforme. 


Cardium citrinoideum. 
Trigonia clavellata. 


Trigonia costata. 

Unio peregrinus. 

Plagiostoma rigidulum. 
interstinctum. 

Ostrea Marshii. 

Ammonites Herveyi. 


The following species also occur, but less abundantly : 


Cidaris vagans, and another species. 


Clypeus clunicularis. 
Galerites depressus. 
Serpula intestinalis. 
Pholadomya Murchisoni. 
ovalis. 
Mya calceiformis. 
Cardium dissimile. 
Tsocardia minima. 
Modiola cuneata. 


Lima rudis. 
Pecten lens. 
demissus. 


inzequicostatus. 
Melania vittata. 
Trochus granulatus. 
Terebra granulata. 
Belemnites. 
Ammonites terebratus. 


* Two years ago I pointed out the necessity of its existence at this spot, when examining the fault 
and its effects, but from the thick covering of fallen rocks I could not then find it. It contains several 


new fossils. 
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In the lower, or ironshot portion of the rock only, I have met with 


Sanguinolaria undulata. | Pinna cuneata. 


Cucullea carinata (nobis). Terebratula digona. 


Hitherto, I believe, no remains of Saurians have been found in the cornbrash 
of Yorkshire ; and of Crustacea (excepting those in the clay), portions only of two 
claws and one body, the latter probably the A. rostratus. 

The following fossils I have not seen from any other stratum, and they are 
apparently characteristic of it, at least on the Yorkshire coast : 


Plagiostoma rigidulum. Terebra granulata. 
Cucullea, new species. Ammonites Herveyi. 
Terebratula digona. ———— terebratus. 


Melania vittata. 


The following species are found also in the Bath oolite : 


Cidaris vagans. Trigonia costata. 
Pholadomya ovalis. Unio peregrinus. 

- Murchisoni. Plagiostoma interstinctum. 
Mya literata. Pinna cuneata. 
Amphidesma decurtatum. Ostrea Marshii. 

— securiforme. Trochus granulatus. 


Trigonia clavellata. 


The following are also obtained in the coralline oolite : 


Pholadomya ovalis. Pecten ineequicostatus. 
Mya literata. — lens. 

Trigonia clavellata. Ostrea Marshii. 
Modiola cuneata. Terebratula obsoleta. 
Lima rudis. Astacus rostratus ? 


Kertioways Rock. 
This is best exposed at Gristhorpe, Cayton Bay, and Scarborough Castle Cliff. 
At the latter place it presents the following ascending section : 


(a.) Soft variable beds, yellow at the lower, and light green towards the 
upper portions; occasionally tinged with peroxide of iron........ 25 feet. 
FP mtATAGLOMSLONE fo o5.. «6.5 5-1 Gs darted Ste eR ATE eG igen al saree’ 6 5 — 
The ironstone (0b.) is full of fossils, but owing to its hardness they are extracted 
with difficulty. They chiefly consist of 


Lucina lirata. Ammonites Calloviensis, var. Gulielmi. 
Gryphea dilatata, var. (3. — sublevis. 
Ostrea Marshii. ————- Keenigi. 
Belemnites abbreviatus. ——— Sutherlandez. 
= tornatilis. ne flexicostatus. 
Ammonites Calloviensis. 
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The great bulk of the fossils, however, is found towards the upper portion of 
the main mass of the stratum. The following species are the most abundant : 


Dicotyledonous ? wood. 

Amphidesma recurvum. 

Lucina lirata. 

Avicula Braamburiensis. 


— expansa. 
Gryphea dilatata, var. (3. 
Ostrea Marshii. 


Terebratula ornithocephala. 


socialis. 


Turbo sulcostomus. 
Belemnites abbreviatus. 


Belemnites tornatilis. 
Ammonites flexicostatus. 


subleevis. 
——_—— gemmatus. 
——-——. Calloviensis. 
— perarmatus. 


——-—— ichthyodorsus (nob.). 


——-——— Gamma (nob.). 
—————— rotifer (nob.). 
————— oblisus (nob.). 


» var. Gulielmi. 


The following fossils also occur about the same position, but are less frequently 


met with: 


Astacus rostratus. 
Mya literata. 
Cardium dissimile. 
Trigonia costata. 
clavellata. 
Pecten fibrosus. 
— lens. 
Ostrea undosa. 
Cirrus depressus. 


Trochus guttatus. 
Rostellaria bispinosa. 


Rostellaria bisulcata (nob.). 
Nautilus hexagonus. 
Ammonites Duncani. 
athleta. 
——-—— Gowerianus. 


——_——_ bifrons. 
——-—— Kenigi. 
plicatilis. 
Palatal bone of a fish. 
Ichthyosaurus. 


Plesiosaurus. 


Of these, I have obtained from the cornbrash,— 


Mya literata. 
Cardium dissimile. 
Trigonia costata. 


Trigonia clavellata. 
Pecten lens. 


The following species occur also in the coralline oolite : 


Mya literata. 
Amphidesma recurvum. 
Lucina lirata. 

Trigonia clavellata. 
Avicula Braamburiensis. 


The fossils of the Kelloways rock in general are highly characteristic. 


Avicula expansa. 

Pecten lens. 

Ostrea Marshii. 
Terebratula ornithocephala. 
socialis. 


Few 


of the Ammonites have been met with in any other stratum ; and so far as 
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my own observations extend, the following fossils appear to be confined to it in 
Yorkshire : 


Gryphea dilatata, var. (3. Cirrus depressus. 
Turbo sulcostomus. Belemnites tornatilis. 
Trochus guttatus. Nautilus hexagonus ? (see page 149, line 11.) 


The last fossil has, I believe, been met with in another stratum, in the South 
of England. ‘The palatal tooth of a fish apparently belongs to the genus Orodus 
or Psammodus (Agassiz), and closely resembles teeth from the forest marble. The 
Saurian remains chiefly consist of detached vertebre of the Ichthyosaurus. In one 
instance I met with a large coracoid bone ; and a fine humerus of a Plesiosaurus 
was found at Hackness. 

In Gristhorpe Bay the Kelloways rock is less arenaceous and ferruginous, and 
is sometimes slightly calcareous. The hard ironstone forming the top of the stra- 
tum at Scarborough is wanting at Hackness, its place being occupied by a blue clay 
containing numerous fossils, of which Ammonites flewicostatus is the most abun- 
dant. The lower part of the stratum is a fine-grained arenaceous rock, very soft 
when first removed from the quarry, but hardening rapidly on exposure to the 
atmosphere. It forms one of the finest building-stones in the east of Yorkshire, 
on account of the uniformity of its colour, its durability, or the ease with which 
it is worked. It appears to contain a greater abundance of Ammonites sublevis 
and A. Sutherlandee than at Scarborough. The thickness of this stratum varies 
considerably, being in some parts much greater, and in others less than thirty-five 
feet, the dimensions which it attains at Hackness. North of Scarborough Castle 
it is from sixty to seventy feet. 


Oxrorp Ciay. 


Reposing on the Kelloways rock is the Oxford clay, generally averaging about 
130 feet in thickness. It is not separable into divisions, consequently the task 
of directing the collector to the sites of its fossils becomes more difficult. The 
lower part of the formation is of a dark blue colour, argillaceous, and splits freely 
into small laminz, or rather rhomboidal fragments. As we ascend in the section 
it gradually loses its argillaceous character, becoming more arenaceous, and is 
slightly tinged with yellow as it approaches the calcareous grit. 

Organic remains are comparatively rare in the Oxford clay of Yorkshire, owing 
partly perhaps to so limited a portion of it being exposed to the action of the sea 
on the coast, whilst inland it is not laid open by pits. With one exception, the 
fossils seem to occur in the lower part of the formation ; and the portion imme- 
diately reposing upon the Kelloways rock seems to be characterized by the pre- 
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sence of Belemnites abbreviatus and Gryphea bullata. A little above these, the great 
mass of fossils is met with. The following are the species which I have found in 
that position : 


Serpula intestinalis. Pecten, a smooth species. 

Astarte lurida. Belemnites gracilis. 
carinata. é Ammonites Vernoni. 

Avicula expansa. —————— cristatus. 

Nucula nuda. —- athleta. 

— elliptica. oculatus. 

Pinna mitis. Teeth of a Squalus. 


I have since found a Nautilus, apparently the NV. hexagonus of the Kelloways rock; but being crushed, 
I dare not be positive. 

A little higher are occasionally found remains of at least two species of Astacus ? 
generally very imperfect. . 

In the middle portion of the stratum I have met with no fossils, but nearer its 
junction with the calcareous grit are occasionally obtained small specimens of 
Pinna lanceolata. None of the above species are abundant, but the most frequently 
found is the Belemnites gracilis ; indeed the Oxford clay of Yorkshire will not bear 
any comparison with that of Huntingdonshire and other midland counties, either 
in the number or beauty of its organic remains. 

The following fossils I have not seen from any other stratum: 


Nucula nuda. Ammonites Vernoni. 
elliptica. —- cristatus. 
Pinna mitis. — oculatus. 


Belemnites gracilis. 


Pinna lanceolata, Gryphea bullata and Astarte carinata appear to connect the clay 
with the calcareous grit above, whilst Ammonites athleta and Belemnites abbreviatus 
seem to unite it with the Kelloways rock below. 

It is difficult to conceive what can have caused the sudden want of the peroxide 
of iron, after the deposition of the Kelloways rock. Whilst the upper portion 
of the latter is charged with so large a proportion, the blue clay above contains 
none, the line of demarcation being as distinct as in any drawn.section: the iron 
reappears towards the upper portion of the clay, and gradually blends it with the 
calcareous grit. 

The Oxford clay is of no utility in domestic ceconomy. It serves, however, as 
an impermeable basis, resting upon which the calcareous rocks, forming our tabu- 
lar hills, are converted into vast natural reservoirs. On the sides of these hills 
the clay is rarely visible, but the numerous springs which issue forth form an 
useful guide in separating it from the calcareous grit. 

In a future memoir, | purpose to illustrate the distribution of organic remains. in 
the remaining strata of the Yorkshire coast. 
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General Siratigraphical Table of the Formations described in the preceding pages, 
but in descending order. 


Oxrorp Curay. 


more argillaceous, and of a blue colour towards the bottom .. 


Upper beds arenaceous, tinged with peroxide of iron; they gradually become 
} 130 feet 
Lower beds argillaceous, blue, splitting into thin lamine and fragments . 


Ketitoways Rock. 
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CorNBRASH. 
Fissile oolite, easily decomposed by the atmosphere ...................... 6 inches. 
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fetrereclata a WCRES IED a. apiece teu, cron MeN eR TORE dds shold ous aw ¥ gsi, 4 4 
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Upper SANDSTONE AND SHALE. 


A variable series of sandstones and Clays: .........:.0scenececsvceeveccas 


Systematic List of Fossils enumerated in the Memoir. 


GENUS AND SPECIES. REFERENCE. STRATUM. 
Plante. 

METER i cate 05.5 see 8 f'n ice ro ahem eitet dais wiahts Witte imminent ie > Upper sandstone and shale. 

Cyclopteris digitata ........ | Lindley and Hutton, Pl. 647 ...... 

Otopteris obtusa............ Lindley and Hutton, Pl. 128 ...... 

Pecopteris Murrayana ...... Adolphe Brongniart, Pl. 126, f.1—5t. | ———-——— 
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* Fossil Flora of Great Britain, 1831-1837. Tt Hist. des Vég. Fossiles, Tome 1, 1828-1836. 
t Geology of Yorkshire, Part I. 1829. 
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Cornbrash. 


Oxford clay. 

Cornbrash. 

Oxford clay. 

Kelloways rock. 

Oxford clay. Kelloways rock. 
Cornbrash. 


. Kelloways rock. 
Kelloways rock. 
Cornbrash. 


Kelloways rock. 


Oxford clay. 
Kelloways rock. Cornbrash. 


* Mineral Conchology of Great Britain, by J. Sowerby and J. de C. Sowerby, Vols. I. to VI., 1812-1829. 
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Kelloways rock. Cornbrash. 


Kelloways rock. 


Cornbrash. 
Kelloways rock. 


Cornbrash. 
Kelloways rock. 
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X.—On the relative Ages of the Tertiary and Post-tertiary Deposits of the 
Basin of the Clyde. 


By JAMES SMITH, Esq., of Jordanhill, F.G.S. ' 


[Read November 6th, 1839. ] 


IN a former paper* I described the indications which I had observed of changes in 
the level of the sea in the basin of the Clyde, which must have taken place at times, 
geologically speaking, extremely recent, as the indications are met with above 
the Till or erratic block deposit; and in a subsequent papert I stated, that from 
the Arctic character of several shells which have not been found recent in the 
British Isles, that there was strong probable evidence that the climate was colder 
at the period of their deposition than it is at present. 

Having given a detailed account of my observations, with catalogues of the 
recent and fossil shells of that district to the Wernerian Society (Wern. Mem. 
vol. viii.), I confine myself, at present, to the results of observations made subse- 
quently, which afford the most satisfactory evidence that in these comparatively 
modern deposits, there are two distinct formations differing in climate and fauna, 
and separated by a wide interval of time. 

If a difference in the testaceous fauna characterises the tertiary period, the oldest 
of these, which contains about fifteen per cent. of extinct or unknown species, 
must be held as a tertiary formation, and belongs to the newer Pliocene or Plei- 
stocene of Lyell, and the newest, a post-tertiary one, as all the shells hitherto dis- 
covered, agree with those of our present seas. Both of these deposits are anterior 
~ to the recent or historical period. 

We have therefore, in the superficial or earthy covering of the older rocks, three 
distinct epochs, the newer Pliocene, Post-tertiary, and Recent. To the first of these 
belong the till or diluvium and the stratified marine beds of sand, gravel, and clay 
which lie over it, the shells of which contain a decided admixture of unknown 


* See Proceedings of the Geological Society, Nov. 16, 1836, vol. ii. p. 427. 
+ Ibid., April 24, 1839, vol. iii. p. 118. 
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species. The same order of superposition is observable in the basins of the Forth 
and the Tay, and although scarcely anything has been done in the investigation 
of the marine remains imbedded in their elevated deposits, I have little doubt that, 
from their exact agreement, both in position and in mineral structure, they will be 
found to be of the same age as those of the Clyde*. Should they prove to be 
identical, the submarine forest of the Tay must also belong to the tertiary period, 
being overlaid by the stratified marine beds. 

These deposits pass from below the present level of the sea to an elevation 
which has not been ascertained. In Scotland organic remains belonging to them 
have been found at the height of 350 feet ; and if the elevated terraces of Glenroy 
are of marine origin, they probably belong to the same period, and indicate a 
change of upwards of 1000 feet. I am convinced that a very great proportion of 
the superficial beds of sand, gravel and clay, as well as the unstratified till or di- 
luvium, are tertiary ; although where organic remains are wanting, there must 
always be some uncertainty. During the succeeding or post-tertiary period, a 
movement of elevation of about 40 feet must have taken place. At this height 
(40 feet) the sea appears to have been stationary for a length of time greatly 
exceeding the present period of repose. ‘This is indicated by a magnificent range 
of inland sea cliffs, with beds of gravel and sand interposed between them and 
the sea. All the testacea hitherto discovered in these beds agree with existing 
species in the British seas ; the number of shells collected from them amounts 
to about 160. Iwas at first led to suppose that they contained a small propor- 
tion of unknown species, latterly there was only one to which I could not assign 
a living analogue, viz. Arca papillosa, but on that point there is now no doubt ; 
for, within these few weeks, Captain Portlock sent me a specimen which he had dis- 
covered recent on the coast of Ireland. The raised beaches of the period imme- 
diately preceding the last changes of level in the basin of the Clyde, do not there- 
fore contain any mixture of unknown shells, although probably accumulated long 
anterior to the recent period. 

During the existing geological epoch, no change of level appears to have taken 
place in this locality, whilst there is direct evidence that, at least as far back 
as the time of the Romans, it was precisely the same as at presentf. . 

I subjoin a list of the marine shells which have been found in these beds, and 
which are not known as inhabitants of the British seas. In stating the proportion 
which they bear to the recent British species, I have made allowance for the pro- 
bability of some of them being still inhabitants of our seas, although, as yet, 

* This is partly confirmed by the Nucula pygmea, one of the unknown shells of the Clyde beds, 


having been found in the elevated beds of the Tay by Mr. Lyell. 
+ See Proceedings, vol. ii. p. 427. 


Post-Tertiary Deposits of the Basin of the Clyde. 155 


undiscovered; and for others being varieties of those which are. Had I in- 
cluded them all, the proportion would be nearly 20 per cent. Upon separating 
the fossil catalogue, in my paper in the Memoirs of the Wernerian Society, 
vol. viii., into what I consider tertiary and post-tertiary species, I find the num- 
ber of the former 151, of which 27 species are unknown as British. 


The researches of the Rev. David Landsborough, in the summer of 1840, fully confirm the existence of 
two separate epochs in the elevated marine beds, which are newer than the till or diluvium. At Steven- 
ston in Ayrshire he found, at the depth of thirty-five feet under the surface, a bed of blue clay, with 
newer Pliocene shells: out of twenty-seven species, there were eight of them extinct or unknown. Ina 
superficial raised beach, in the same parish, he found forty-seven species, all recent; and in another at 
Largs, in the same county, sixty-eight species occur. 

It is remarkable that none of the fossils of the older of these beds have been yet found mixed up with 
those of the newer or raised beaches. (May 1841.) 


1. Tellina proxima, Wern. Mem., vol. viii. p. 105, Pl. I. f. 21.—Closely allied to the 7. pretenuis, a 
crag fossil. It has been discovered in a recent state in the Arctic seas, beyond Behring’s Strait, 
by Capt. Beechy, and fossil at Udevalla. 

2. Crassina multicostata, Wern. Mem., vol. viii. p. 104, Pl. I. f. 20; Phil. Trans. 1835, Pl. I. f. 21.— 
It resembles the C. compressa, a recent species, but is less regularly striated. M. Deshayes 
says that it is recent in Norway and Sweden; Mr. Lyell found it in a fossil state at Udevalla ; 
and Mr. Murchison, in Russia. (1840.) 

3. Crassina propinqua, nearly related to the last, but with a much thicker hinge (1841). 

4. Crassina Withami, Wern. Mem., vol. viii. p. 105, Pl. I. f. 25—Found by Mr. Witham in a fossil 
state at Bridlington, and by Mr. Forbes at Wick ; a single valve was dredged by Mr. Sowerby 
and me in Rothsay Bay: it is perhaps, therefore, a recent shell, but as the newer Pliocene de- 
posit passes below the sea at Bute, this is not a conclusive proof that it is so. 

5. Crassina borealis, Chemnitz, vol. vii. p. 26, Pl. XXXIX. f. 412.—Recent in the North Sea, fossil 
in the upper crag. 

6. Mya ————. Closely allied to M. truncata, but differing so constantly in the muscular impres- 

sion that Mr. G. Sowerby considers it a separate species. Found fossil by Mr. Lyell at Udevalla. 

. Pecten Islandicus, Brown's Mlust., Pl. XX XIII. f.3.—Although this shell appears in the works of Tur- 

ton, Fleming, and Brown, as a recent British species, I am satisfied, from the localities given, 
that the specimens described were from the ancient beds in which it is very abundant, and that 
it has not hitherto been found in a living state in our seas; it occurs recent in the North Sea 
and at Newfoundland, and fossil at Udevalla. 

8. Nucula oblonga.—This shell also appears in Brown’s Illustrations, Pl. XXV. f. 17, but as it is from 
a locality whence these fossils are abundant, and as it has not been found since in a recent state, 
it is probably one of them ; it resembles the VV. minuta, but is larger and not transversely stri- 
ated. Mr. Gray considers it an Arctic shell. Found fossil by Mr. E. Forbes in the Isle of Man, 
by Capt. Portlock in Ireland, at an elevation of 400 feet, and by Mr. Murchison in Russia. 

9. Nucula antiqua.—This shell is transversely striated, and is higher in proportion to its breadth than 
the LV. oblonga. 

10. Nucula pygmea, Goldfuss, Pl. CXXV. f. 17; Wern. Mem., vol. viii. p. 107, Pl. I. f. 10; Philippi 
Molluse. Sicil., Pl. V. f. 9. In the catalogue in the Wernerian Memoirs it is named JW. gibbosa, 
but is undoubtedly the VV. pygmea of Goldfuss, a fossil from Mechlenburg. Mr. Lyell found 
it in an elevated deposit at Dundee; Mr. S. Wood in the crag, see his Catalogue, Nat. Hist. 
Mag., 1840, p. 298. It agrees also with the Sicilian fossil figured and described by Philippi. 

11. Cytherea levigata.—A small but very distinct species (1841). 
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12. Mactra striata, Wern. Mem. vol. viii. p. 106, Pl. I. f. 22. 

13. Saxicava suleata, Wern. Mem., vol. viii. p. 97, Note ; Phil. Trans., 1835, Pl. IIL. fig. 25.—Closely 
allied to the S. rugosa, but much larger and more regular in the transverse striz or ridges. It 
occurs in a fossil state at Udevalla. 

14. Panopea Bivone, Wern. Mem., vol. viii. p. 107, Pl. II. f. 4; Philippi Molluse. Sicil., Pl. II. f. 1.— 
Fossil in the crag and Sicily ; a single specimen has been dredged on the east coast of England, 
now in the possession of Mr. Jeffries (vide Nat. Hist. Mag., v. viii. p. 582), which Mr. Sowerby 
considers to be the same species. 

15. Natica clausa, Wern. Mem., v. viii. p. 103, Pl. I. f. 16; Phil. Trans., 1835, Pl. II. f.’7—Recent in 
the Arctic seas and fossil at Udevalla. 

16. Natica glaucinoides, Min. Con., p. 479, f. 5.—Found also in the crag. 

17. Natica fragilis.— This shell is smaller and more fragile than the NW. glaucinoides, and has no callus 
or tooth over the umbilicus. 

18. Nassa Monensis—Found by Mr. E. Forbes in an elevated deposit in the Isle of Man. It differs 
from the JV. macula in having the spire less produced ; the body-whorl much more ventricose 
and the longitudinal ribs fewer. It appears intermediate between the WV. macula and N. ambigua. 

19. Buccinum granulatum, Min. Con., Pl. CX. f. 4.—Found in the brick earth of the Nar, which I con- 
sider a newer pliocene deposit (Woodward’s Geol. of Norfolk, p. 36). It is also a crag fossil. 

20. Buccinum striatum, Wern. Mem., v. viii. p. 100, Pl. I. f. 9. 

21. Trochus inflatus, Wern. Mem., v. viii. p. 1. f. 10.—This appears to be the same as one found fossil 
at Udevalla, figured by Hisinger, Lethea Suecica, Pl. XXX. f. 3, and erroneously supposed to 
be the 7. tumidus of Montagu. Recent in the Arctic seas, in Mr. Bunbury’s collection. 

22. Turbo expansus, Wern. Mem., v. viii. p. 101, Pl. I. f. 12.—“ Common in the Arctic seas.’—Des- 
hayes. 

23. Velutina undata, Wern. Mem., v. viii. p. 101, Pl. I. f. 15.—This shell is also said by M. Dee 
to be an Arctic species. 

24. Fusus Peruvianus, Murex, Sow. Min. Con., Pl. CCCCXXXIV. f. 1.; Wern. Mem., v. viii. p. 100, 
Pl. Il. f.5 and 9, Lethea Suecica, Pl. XXX. f.'7.—It is also found fossil in the crag and at 
Udevalla, and recent in the Arctic seas. 

25. Fusus imbricatus, Wern. Mem., p. 100, pl. I, f. 5,6, and II. f. 7—In my catalogue in the Wer- 
nerian Memoirs this is considered as the young of /*. Peruvianus, but as no such change takes 
place in its analogues from the crag and Arctic seas, I am now satisfied it is a distinct species. 

26. Fusus curtus. 

27. Bulbus Smithii, Wern, Mem., v. viii. p. 103, Pl. I, f. 18.—Resembles a WVatica, but is destitute of 
an umbilicus or cavity on the pillar lip; there isan unnamed shell from the Sicilian Pleistocene 
in the Collection of the Geological Society, which I consider to be identical with it. 


As this catalogue differs considerably from that published in the Wernerian 
Memoirs, I think it right to explain that the new shells have been discovered 
since it was printed, and that I omit the following for the reasons assigned. 

1. Rissoa Fallax, Wern. Mem., Pl. I. f. '7, 8—Considered by Mr. Sowerby to be Cingula cingilla, H. 

Arca papillosa, Ib., Pl. I. f.19. Since discovered recent by Capt. Portlock. 

Turritella cingulata, Ib., Pl. 1. f. 23. “Want of evidence. See Memoir, p. 101. 

Bulla Ampulla. 

Oliva. These two last were found in the elevated marine beds, described by Mr. Murchison in his 
Silurian System ; but till the testaceous fauna be more thoroughly investigated, it is impossible 
to say whether they belong to the same period as the Clyde shells or not. 
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XI.—A Letter to Charles Lyell, Esq., on some Changes of Level which 
have taken place in Denmark during the present period. 


By GEORGE FORCHHAMMER, Phil. Doct., For. Mem. G.S. 


[Read May 31, 1837.] 


My Dear Sir, 


THE great interest which you have taken in the geology of Denmark, and the 
influence which you have exerted on the whole progress of geology, more especially 
of that portion which relates to our knowledge of the newer formations, make me 
wish to communicate, through you, some facts which appear to me worthy of 
being known to a Society, which has so much promoted our science. 

You are satisfied that a great part of Sweden is rising, not uniformly, but in 
a manner which generally decreases in amount from north to south on the 
Swedish coast of the Bothnian Gulf*; and in your last anniversary speech you 
have published some observations by Mr. Nilsson on the subsidence of Scania, 
the southernmost part of Sweden+. Thus it appears to be proved, not only that 
the elevation varies in different places, but that even a movement in an opposite 
direction takes place in some parts of this extensive country. In corroboration of 
these facts, I will only mention, that the island of Saltholm, situated in the Sound, 
and opposite to Copenhagen, is mentioned in the records of the Chapter of 
Roeskilde in the 13th century, on account of the income which the clergy derived 
from it. At present the island is hardly five feet above the level of the Sound, 
and it is almost every autumn overflowed by the sea, some artificial mounds 
serving as places of safety for the cattle which in summer graze on the island. 
Now it is evident, that if Saltholm has risen during the last 600 years, the move- 
ment must have been at a much slower rate than even in the island of Bornholm, 
which rises about one foot in a century ; and considering how small a portion of 
Saltholm would be left if it now subsided only two feet, the island would hardly 
have been worth the notice of the rich Chapter of Roeskilde ; we may therefore 
fairly infer that Saltholm either has been stationary or may have subsided during 
the last 600 years. 

* Phil. Trans. 1835. + Proceedings Geol. Soc., vol. ii. p. 506. 
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On the Danish coast of the Sound, six miles to the north of Copenhagen, a 
most decided beach occurs about six feet above the level of the present Sound, 
and so completely out of the reach of the sea, that a range of houses has been 
built between the ancient beach and the present shore. This renders it highly 
probable that the level on the Danish coast changes in a proportion different 
from that which takes place on the Swedish shore; and this difference seems to 
be connected with the fact, that the slight earthquakes which are felt in Sweden 
almost every year are never experienced in Denmark, and that a shock of an 
earthquake which in August 1829 was felt so strongly on the Danish coast of the 
Sound, that the terrified fishermen in some places left their houses, was not at all 
perceived on the opposite Swedish shores. 

I will, however, not dwell on these points, but proceed to detail my observations 
on the island of Bornholm, the rocky base of which makes a change of level 
more easily to be observed. The greater part of Bornholm consists of a granitic 
rock, which forms the whole eastern shore of the island, and rising abruptly out 
of the water, the sea is so deep that it generally allows large vessels to lie close 
to the shore. To the height of 250 feet, the granite is covered by a stiff, loamy 
soil; but above that level nothing is found except barren gravel, the result of the 
disintegration of the granite. The yellow loam everywhere contains fragments of 
slates and transition limestones, the latter possessing the character by which they 
are easily proved to have been transported from the island of Gothland. None of 
the plutonic rocks, so common in our boulder formation, are to be found here ; 
and by their absence and the frequent occurrence of the clay slates, which are 
extremely rare in the boulder formation, this bed is proved to be of a different 
origin. It is not a sea-beach, all the stones being completely mixed with the clay, 
and on the west side of the granitic ridge no trace of it can be found. These 
observations lead me to conclude that the bed of loam is the result of a violent 
inundation breaking in from the north-eastern parts of the Baltic, the effect of 
which may be seen everywhere, both in the form of the Danish shores and the 
immense deposits of sand which cover a great part of Denmark, and which evi- 
dently have been swept away from more easterly beds of the boulder formation. 


i Christian graves, 


Present beach. 
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Nearer to the present shore (see accompanying woodcut), at a height of about 
forty feet, the first beach may be observed on Bornholm. Wherever the granitic 
mountains recede a little from the coast and form a small bay, the granite pebbles 
of the beach appear to have choked it up, and to have separated a small pond from 
the sea, which in the course of ages has been filled with peat. This ridge has 
only a small breadth and slopes towards the shore at an angle of 15°, forming 
a wall of about ten feet high, and abutting on a plain entirely formed of beach- 
stones. This plain is completely horizontal and has a breadth of about 160 
feet. It is surrounded by another plain of about 100 feet broad, inclining toward 
the sea at an angle of 9° or 10°, to which succeeds the present beach, sloping at 
an angle of 12° or 13°; the pebbles are of uniform size throughout the beach, and 
consist of the same granite as the solid rock. My explanation of these facts is the 
following : after the inundation before mentioned, and which I conceive entirely 
changed the face of Bornholm and the rest of Denmark, a beach was produced at 
the shore, but I infer that its accumulation was interrupted by an earthquake, which 
suddenly threw up the island about ten feet ; and that a very long period of per- 
fect quiet followed, during which no elevation took place, but the horizontal beach 
was formed. Subsequently I am of opinion a continuous but very slow rising be- 
gan, which formed the sloping beach ; and, according to observations of the inhabit- 
ants and my own, this rising is stillin progress. On this sloping beach are graves 
marked merely by a ring of stones, a little larger than the general size of the beach- 
stones, and very different in structure from the graves which our heathen ances- 
tors erected. Now, according to a communication from Mr. Finn Magnussen, 
it was a custom in the northern countries to bury the early Christians on the beach 
where the sea and land separated, and when afterwards the Christians got the 
power, the same kind of sepulchre was used for the heathens. This happened 
about the year 900, and we may consequently come to something like a rough 
calculation as to the time when this beach was formed. The elevation of the 
island, as shown by the sloping beach, would thus have been about one foot in a 
century, and the beginning of the regular elevation of the island would have been 
about 1600 years ago. The slope being completely regular, it is most probable 
that the rise of the island and the lateral addition to the beach were quite uniform 
during the whole period; and by supposing this lateral extension to have been 
equally uniform during the formation of the horizontal beach, we require 2500 
years for the gradual accumulation of the horizontal beach, which carries back 
the era of the great earthquake to about 4000 years before our time. I do not 
pretend to say that this chronological calculation can be by any means exact, yet 
I think it may be of some use ; and future observers on Bornholm, availing them- 


160 Dr. ForcHHAMMER on Changes of Level in Denmark. 


selves of the facts which I have tried to point out, may certainly bring the calcu- 
lation much nearer to the truth. 

The features of the beach now described, occur, with some small differences, 
everywhere on the granitic, eastern shore of the island; but wherever the coast 
is formed of sandstones and slates of the transition-class, or of the beds of sand- 
stone, sand, clay, and limestone, belonging to the lias, the oolitic series, and the 
green-sand formation, no regularity in the beaches can be traced, nor can any one 
be seen more than twenty feet above the present level of the sea; and it seems as 
if these formations have suffered a less regular elevation than the granite. 

Over the whole of Denmark, Sleswick, and Hoistein, shells of species living at 
the present time in the German Ocean may be found, sometimes at considerable 
heights above the level of the sea. Thus not far from Bornhévd in Holstein, cer- 
tainly exceeding 150 feet above the Baltic, occurs a bed of pebbles associated with 
Cardium edule, Littorina littorea, Buccinum undatum, and Ostrea edulis. The speci- 
mens of the last shell are much smaller than the O. edulis now living on our coast, 
but they agree with those found fossil in the raised beds of recent marine shells of 
England. Thus the elevation of the country in modern times is certainly proved, 
but this elevation must be much older than the inundation from the east before 
mentioned. After that catastrophe subsidences occurred, of which J will mention 
one with rather interesting features ; between the island of Rémée and the shores 
of the dukedom of Sleswig, is a submarine forest nine feet below the present high 
water, the roots still branching out into the sand. According to the evidence 
of all the fishermen, this forest consists of fir, a tree which likewise occurs in 
almost all our peat-mosses, being the oldest vegetation. At other places far be- 
yond the present shore, forests of oak are found in the same situation below the 
mean height of the sea. 

Before I conclude this letter, I wish to record the following phenomena. On 
the islands on the western shore of Sleswig traces of an inundation may be found 
to the great height of about sixty feet above the present high-water mark, which 
happened while the islands have been inhabited by man, because we find tumuli 
partly destroyed by the inundation. The effect and height of this flood may easily 
be traced by a bed of pebbles, partly rounded, partly angular, containing now 
and then fragments of bricks, and easily distinguished from a beach by its occur- 
rence in one single bed hardly a foot thick, undulating with the surface, and in 
one place found only a few feet above high-water mark, while at others it is about 
fifty feet above it. I consider it as the result of the washing away of the finer 
materials, or the sand and sandy clay. 


London, March 20th, 1837. G. ForcHHAMMER. 
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XII.—Deseription of Bones of the Mammoth found in the deep sea of the 
British Channel and German Ocean. 


By Capt. J. B. MARTIN, Harbour-Master at Ramsgate. 
Communicated by Sir JOHN RENNIE, F.G.S. 


[Read June 5th, 1839. ] 


FRAGMENTS of fossil remains have been often brought to Ramsgate by 
the men employed in trawling for ground fish in the North Sea and the Straits 
of Dover. Charged with worms and covered with fetid marine substances, they 
have been seldom capable of preservation ; but sometimes perfect specimens have 
been procured, and I have generally succeeded in purchasing them. The fisher- 
men are also occasionally impeded by masses of granite, serpentine, sandstone, 
slate, and various other stones which are scattered indiscriminately over the bed 
of the ocean. Some of these blocks are much worn and rounded ; and in no in- 
stance do they present that regularity of shape which might lead to the inference 
of their having formed part of shipwrecked cargoes. The fishermen bring the 
masses to land for the purpose of clearing their ground. In many localities, the 
rugged state of the bottom will not allow them to trawl. 

In 1827 an enormous tusk was landed at Ramsgate, and purchased by Mr. 
Foster. Its length was nine feet and its greatest diameter eight inches ; but the 
alveolar extremity was wanting, and the dimensions of the tusk must consequently 
have been much greater. The outer crust consisted of very thin laminz, and the 
interior portion of a soft substance resembling putty. Being left exposed to the 
action of the atmosphere it soon mouldered away. I am not aware in what part 
of the British Channel it was found. 

The next specimen which excited my attention was discovered in the red clay 
on which the town of Ramsgate stands. It is a fine molar, in the possession of 
Mr. Fairholme, and was obtained in digging the foundations of a house in King- 
street. The red clay rests upon chalk, and in different parts of the town varies in 
thickness from ten to twenty-three feet. 

In 1835 a very large, flat, decayed fragment of bone perforated by worms, and a 
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soft, decayed tusk, eleven feet in length, were dredged up between Boulogne and 
Dungeness. The bottom of the channel at the point where it was found, consists 
of blue clay with rounded pebbles. The fishermen cut the tusk to pieces to obtain 
some ivory fit to manufacture. A section which I procured from near the alveolar 
cavity, is of an oval shape and measures nineteen inches in circumference. 

In 1837, while trawling between the two shoals, called the Varn and Ridge, 
covered at low tide with twenty fathoms water, a fisherman suddenly encountered 
a heavy mass, which proved to consist of enormous bones ; the net broke, but a 
humerus, which I purchased, was secured. The upper articulation is wanting, and 
that part appears to have been most decayed. It is of avery stony texture, and its 
interior is filled with marine substances. The following are the dimensions :— 


Length from the lower condyle to the fracture’ ............-. 0000s 38 inches. 
Prosmbied (OTIIGAlNEDECH Wires aisiclc om wlc ool e.c i vac ceeeinie vis eesin ne os 45 — 
Circumference at the upper part of the shaft ................ 00.202 31 — 
LDMNRO, Te ALCO NIHE. saouuern 46.6.5 COU Olin RoE OG OC AEE Sera EEE Scenic 20 — 
Ditto, around the lower part, just above the condyle................ 31 — 
NR ONOsIUC COMUVIES CL tis cies esc s + sone ces ace cece ent oe pic 10 — 


The Varn and Ridge lie in the mid-sea between Dover and Calais, and form a 
line of submarine chalk ridges, extending parallel to the cliffs on each side of the 
Channel, and trending toward the North Sea. The Overfalls and Galloper sands 
are continuations of the same line. The flanks of all these submarine ridges are 
steep, and there are deep gullies in the intermediate spaces, filled with patches of 
boulders and blocks of various stones and muddy ground. Some of these masses 
are large spherical septaria, traversed internally by veins of iron pyrites, and con- 
sist externally of a ferruginous crust of uniform thickness. Thus these inter- 
esting animal remains appear to repose in marine valleys in a similar manner to 
the analogous bones on land ; and it is evident that they are thickly strewed over 
the bed of the sea in these latitudes. ‘They are never found on the summits of 
the banks or shoals, but invariably in deep water in the hollows. 

At the back of the Goodwin-sands an elephant’s tusk was dredged up. The 
part containing the alveolar cavity was broken off, but its length was 78 inches 
and its circumference 12 inches. Its curvature was equal to a semicircle, turning 
outwards in its line of projection. The tusk was sent to a cutler at Canter- 
bury, by whom it was sawn into five sections ; but the interior was found to be 
fossilized and unfit for use. It is now in my possession. From the same locality, 
I have also a piece of fossilized tree, the heart of which is changed into a beau- 
tiful jet. 

In the early part of 1839 I succeeded in adding to my collection a perfect femur 
of a Mammoth. It was trawled up in the North Sea, in 20 to 25 fathoms low 
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water, about mid-way between Yarmouth and the coast of Holland, 65 miles 
E.N.E. of the Galloper-sand, -and about 120 miles from the locality where the 
humerus was obtained. Its dimensions are as follows :— 


Length from the head of the femur to the lower condyle ................ 49 inches. 
Cireumference.of theyheadiofsthe femur... 322) ace ee ee oes jee A24en 
Width across the ball and the great trochanter .............5.......... 18 — 
Circumference ofthe necks of the femur..).%)..2 0. sccteiee sii <isiocel doles eae slo AND) 
Ofthescentrevor the: shatty. ;4a2.4 saci tee a elo es oes, LL Sh — 
of the lower part of the shaft above the condyle .......... 29 — 


The lower condyle is partially worn away. 


I have also two molars of different sizes which were trawled up at considerable 
distances from each other in the British Channel and at different periods. My 
collection therefore contains portions of six Mammoths ; and Mr. Fairholme’s 
molar found in Ramsgate constitutes part of a seventh. 


Extract from a Notice, by Dr. Buckland, on Teeth of the Elephant obtained from the 
Bristol and British Channels, read June 5th, 1839. 


Srr Joun TREVELYAN possesses a very large molar of an Elephant, found three or 
four years ago in the bed of the Bristol Channel near Watchett ; and an Elephant’s 
molar tooth, in the collection of Lady Ilchester, was thrown up on the Chesil-bank, 
Dorsetshire. 
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XIII.— On Subsidences produced by working Beds of Coal. In a Letter to 
C. Lyell, Esq., F.G.S., from Joun Buppie, Esa., F.G.S. 


[Read November 6th, 1839.] 


SUBSIDENCE of the surface invariably follows the working of the subjacent coal, 
when sufficient pillars are not left to support the overlying mass. The extent of 
such subsidence is governed by the following circumstances : 

Ist. The depth of the seams of coal below the surface. 

2nd. The thickness of the seam or seams. 

3rd. The nature of the strata between the surface and the seams of coal. 

4th. Whether the pillars of coal are wholly or partially worked. 

If the depth from the surface does not exceed twenty-five or thirty fathoms, 
and sandstones form the predominant strata, then the subsidence is nearly, if not 
fully, equal to the thickness of the seam of coal which has been taken out; but 
should metal-stone or shale form the predominant strata, the subsidence is less. 
This rule I consider to hold good in all cases, let the depth from the surface be 
what it may; that is to say, the subsidence is always greater under a sandstone 
than under a metal-stone cover*. 

Whenever a lower seam is worked after an upper one has been removed, and 
the surface lowered in the manner above stated, a second set, or lowering, takes 
place. I have known this to occur three successive times, as will afterwards be 
shown ; and that it might not, under certain conditions of the stratification, take 
place an indefinite number of times, [ am not prepared to say. 

The thickness of the coal removed affects the degree of subsidence ; but [ am 
not enabled to state in what proportion it operates, not having had an opportunity 
of making correct observations on this point. 

The degree of subsidence, however, does not depend so much on the thickness of 
the coal as on the effectual removal of it, technically called ‘‘ Clean Working.” Ifa 
considerable portion of the coal should be left, although by no means adequate to 
the support of the superincumbent strata, it yet retards the subsidence and prevents 
the downward pressure of the mass from exerting that degree of force and momen- 


* Cover means the whole thickness of the strata between the seam and the surface. 
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tum which it would otherwise do; besides, the small portions of coal which have 
been left occupy a certain part of the excavation when crushed down. 

These observations apply more particularly to the Newcastle system of working, 
or ‘‘ short work,” where rectangular pillars are left, in the first instance, and after- 
wards removed. 

In the working of those pillars, stooks, or blocks of coal of considerable strength, 
are frequently left as props to protect the colliers from the exfoliations of the 
roof. In this case, a subsidence of the strata above invariably takes place ; but its 
extent in the first instance is governed by the degree of resistance which those 
stooks of coal present to the downward pressure of the mass. When the sink- 
ing of the strata is retarded or stopped in this manner, before the excavation 
whence the coal has been extracted is entirely filled, the place is said to be ‘ half 
or three quarters, etc. crept.” A large tract of a coal-mine not unfrequently 
remains for several years in this state, without almost any perceptible change 
taking place; yet in course of time, from the exfoliation of the coal in those 
“‘ stooks,” and the operation of the atmosphere, a further subsidence, called a 
second creep, takes place, and generally continues until the excavation is com- 
pletely closed. 

‘In the Yorkshire system of ‘‘ long work,”’ where the coal is all taken out in the 
first instance, except small temporary pillars, in addition to which wooden props, 
together with a sort of stone pillaring called “ gobbing,” are placed for the pro- 
tection of the colliers, the subsidence of the strata immediately follows the removal 
of the coal, and the excavation is completely filled, so that no second settlement 
or set takes place. 

I have already observed, that the extent of settlement, as shown on the surface, 
from working coal, depends upon so many contingencies, that it cannot be sub- 
jected to any calculation. It rarely happens that the perpendicular depth of a 
sinking of the surface above coal-workings can be accurately ascertained, as fixed 
land-marks are seldom attended to in such cases. Railways, or reservoirs of water, 
however, occasionally afford the means of ascertaining, with tolerable accuracy, 
the extent to which the surface has subsided by the working out of the coal. 

From the formation of a pond of water upwards of three feet deep on a level 
surface, from underneath which a six-feet seam of coal had been worked at the 
depth of 100 fathoms, about one-fourth part of the seam having been left in 
stooks, as already described, I ascertained that the subsidence of the surface at its 
greatest depression had been rather more than three feet. In this case the sand- 
stone strata predominated. 

The next case which I have had an opportunity of observing with tolerable 
accuracy is a more interesting one, as it shows three distinct periods of subsidence, 
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as three seams of coal were successively worked away below. The tract of ground 
alluded to is of a quadrangular figure, of about twenty-three acres in area, and is 
crossed by a railway near its eastern or narrowest end. It is in the Marquis of 
Londonderry’s Pensher Colliery, in the county of Durham. 

The tract in question contains the following five seams of coal—see Section : 


Thickness. | Depth below the 
ace. 
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The three latter beds have been removed, and caused the subsidence of the sur- 
face about to be described, and the Five-quarter is now in course of working. 

No. 3. The High-main seam was the first which was wrought in the pillars, and 
was finished in 1829, when a settlement in the surface was noticed. This was 
immediately discovered by the lowering of the railway, which required to be raised 
to its original level. 

No. 4. The Maudlin seam was next wrought in the pillars and finished in 183i, 
when a second settlement of the surface took place, and the railway had again to 
be raised. 

No. 5. was then worked in the pillars and finished in 1833, when a third set- 
tlement of the surface took place, which required the railway to be again raised to 
its original level. 

The working of No. 2. commenced two years ago, but is not yet finished. When 
the pillars are all worked out, I have no doubt that another settlement of the sur- 
face will take place. f 

The extent of each settlement was not measured, but I have lately ascertained 
that the whole amount of the settlement of the surface by the three ‘‘ mine-quakes”’ 
was five feet six inches,—the aggregate thickness of the three seams which have 
been worked out being fourteen feet eleven inches. This appears to be but a small 
degree of subsidence, considering the thickness of the coal which has been taken 
away. But as the railway, which is the gauge-line, passes near to one end of the 
excavated tract, it may not be supposed to pass over the line of the greatest de- 
pression. Indeed, on looking at the ground over the centre of the excavated tract, 
it appears to be much more depressed ; but as there are no land-marks by which 
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to ascertain the fact, I preferred taking the line of the railway, which gives the 
true result in that part. 

The metal-stone strata also considerably exceed in thickness the beds of sand- 
stone, and operate to make the depression less than that noticed in the former 
instance. 

In the present working of No. 2. (the five-quarter seam) the effects of the frac- 
tures occasioned by the former excavating of the lower seams are clearly discern- 
ible. Innumerable cracks pass through the coal and pavement, as well as through 
the roof-stone, in a vertical direction, but they are perfectly close, except round 
the margin of the settlement. Here a breaking and bending of the seam, pave- 
ment and roof-stone have taken place. The cracks in the pavement are fre- 
quently open, forming considerable fissures ; the coal is splintered and the roof- 
stone is shattered. ‘This is not, however, the case in the interior of the settle- 
ment ; on the contrary, the cracks are quite close, and the pavement is as level 
and smooth as if it had never been disturbed. The cracks in the coal pass through 
the seam without having injured, splintered, or triturated it on the sides of the 
cracks, as is generally the case with the natural backs. The only alteration pro- 
duced has been to render the coal more tough and woody, as the colliers call it, 
in working than it was before these fractures took place. This effect may be attri- 
buted to the escape of the gas by the cracks ; and it sometimes takes place from 
other causes, when the coal is said to be winded by the colliers. 

The smoothness of the pavement in the interior of the subsided tract is due, 
probably, to the pressure of the superincumbent mass, which is partially, if not 
completely, detached from the surrounding strata, and its line of pressure is di- 
rectly downwards. 

I would here observe, that I never noticed any tendency to a sliding or sideway 
movement in any subsidence of strata occasioned by the working of coal, except 
the slight obliquity occasioned by the off-break at the sides of the settlement, as 
already described. 

The facts here stated fully confirm, in my humble opinion, the hypothesis 
adduced in your ‘ Elements,’ (p. 122) ; and when our pigmy operations can produce 
such palpable and analogous phenomena—what stupendous effects upon the sur- 
face of the globe may we not imagine the grand excavator of nature—the volcano 
—capable of producing ! 

Second creeps, or subsidences of the surface, sometimes occur from water being 
suddenly let off from old colliery-workings, after having been a long time pent up 
in them. 

JOHN BUDDLE. 

Walls End, Newcastle-upon-Tyne, 

August 22nd, 1839. 
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XIV.—On the London and Plastic Clay Formations of the Isle of Wight. 


By Mr. BOWERBANK, F.G.S. 


[Received March 12th, 1839. ] 


E/ARLy in June 1838, in company with my friend Mr. White, I visited White 
Cliff and Alum Bays, for the purpose of examining the London and Plastic Clay 
Formations, and of determining, if possible, by a careful examination of their 
fossils, how far the great mass of the London clay and the beds of coloured clays 
and sands beneath it are entitled to be considered as separate formations*. We 
were induced to visit them with this view, from having some years since, in 
company with Mr. Morris, carefully examined the sandy beds between the London 
clay and the chalk at Herne Bay; and having been forcibly struck by the great 
similarity which the fossils procured from these sands bore to several of the species 


* When this paper was read before the Geological Society, I was not aware that Mr. G. B. Sowerby 
had examined the strata which occur between the chalk and lower freshwater formation of Mr. Webster 
at Alum Bay, and that he had published the result of this examination in the ‘ Annals of Philosophy’ for 
Sept. 1821. In that paper he questions the propriety of Mr. Webster separating the upper or London 
clay from the lower or plastic clays and sands; and he says, ‘“‘ Everything is in favour of the opinion, 
that from the chalk to the lowest part of the freshwater stratum the whole is but one formation, con- 
sisting of various beds of sand and clay,” p.217. The merit of this idea is therefore undoubtedly due to 
Mr. G. B. Sowerby ; neither was I aware of the existence of the paper published by Professor Sedgwick 
in the same work in May 1822, in which he expresses a difference in opinion on the subject, and advo- 
cates a return to the arrangement into two formations, as proposed by Mr. Webster. Professor Sedgwick 
prefaces his observations on Mr. Sowerby’s views by stating, that “ The separation of the two formations 
above mentioned is not marked by any extraordinary natural epoch, but is merely assumed as a conve- 
nient classification, founded on constant geological relations ; on a decided difference in the composition 
of the constituent beds; and in a still more decided difference in their zoological phenomena.” p. 339. 
Now the fourteen well-known characteristic London clay fossils, found by myself in the clay and sand 
near the chalk, marked a in Webster's section, decidedly negatives the assertion that that part of the 
formation differs in zoological phenomena from the upper portion of the London clay, marked B in 
the same section. Mr. Lyell also, in the ‘ Principles of Geology,’ Ist edit., vol. iii. p. 278, states, that in 
the coloured sands and clays of Alum Bay there is a “ distinct alternation of the two groups,” that is, 
of the London and plastic clay beds. Why, therefore, they should be designated as separate forma- 
tions, even in the latest geological publications, I cannot conceive, unless it be that it is more difficult 
to eradicate a confirmed error than it is to establish a new truth february 1841. 

VOL. VI.—SECOND SERIES. Z 
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found in the London clay, we were induced to believe that the two formations 
which had hitherto been considered as distinct, might possibly, by a careful exa- 
mination, be proved to be only the upper and lower portions of one great deposit. 
We commenced with a close examination of White Cliff Bay, and found the fol- 
lowing to be the order of succession of the strata, beginning at the chalk and 
ending with the lower portion of the freshwater beds :— 


WHITE CLIFF BAY. 


y]---\---= Loam. 


45 paces, | 95 | 27_ 65 “30 | 30 |e 38 | 13| 96 | 12| 14 
1 Bee 4 5 | 6 (7 8 9| 10 11 (ie) 13 |14|15|, nn 
The numbers of the beds in the following list of strata correspond with the bottom line of figures in the woodcut. 
Paces. 
1. Variegated clay (principally red, corresponding with 1 and 2 in the Alum Bay section) 45 
2. Dark greenish gray sand, like that at No. 3, Alum Bay section.............2....4- 25 
$. Red and yellow sands ....:............. ye iyicaie oim's «! s dveutiorere weno eee re 27 
4. Dark greenish gray sand and clay, like those at 3, 4, 5, and 6, of the Alum Bay section 65 
5. Red and yellow sands, like those of Alum Bay .. Siversiattr steel See 
6. Dark greenish gray sand and clay, in which were Hfoutid Veloieatate “pinta Corie 
. thia, Sanguinolaria Hollowaysii, and other London clay fossils .... 2.2.2.0... 30 
 Viliper le) Tao ie a erent ise ye 6 
ee nat Ree CeMInN OTdy SEOOUADU CLAY (oy. cae 1. via seis ss ones te eee cers «oceans seat ee 
At the points marked /, numerous small Nwmnmulites, Venus, Voluta, Cerithia, and 
other London clay shells, were found ; and at h* large Nummulites, like those found at 
Bracklesham Bay, Sussex ; also Venericardia planicosta and other London clay shells +. 
SE CRs ee eS sien in) sis ious a 1 is 0in.0 bin’, wine ow 06,0 ofan shea 10 
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At f the clay was greenish brown with lignite. At e it had every appearance of 
London clay, abounding in numerous characteristic London clay fossils, including 
Voluta luctator, Ostrea, and teeth of a Squalus. 
13. Yellowish sandy clay without fossils .......... BeBe ve ieica. angi alo aso eelelaie eels ee aaa 26 
14. Greenish sand, similar to that of the Upper Marine in Colwell Bay, and containing 
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+ Since the above passage was written I have visited Bracklesham Bay, on the opposite part of the 
Sussex coast, and carefully examined the beds in which the above-named shells abound ; and from the 
perfect coincidence in colour and mineral character of the beds in the two localities, as well as in their 
zoological contents, I am induced to believe that the relative position of the Bracklesham Bay beds is 
that point of the series indicated by 4* in the White Cliff Bay section—February 1841. 
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Beyond this point, the freshwater strata, abounding in Potamides and other cha- 
racteristic shells, occupy the remainder of the space represented in the diagram. 
The result of this examination is, that we find a complete alternation of the Lon- 
don and plastic clay formations throughout the whole space of 525 paces from the 
chalk to the break at f e, as we not only have abundance of London clay fossils at 
the place marked e, which corresponds with the great mass of that formation in 
Alum Bay, marked B in Mr. Webster’s section, but we likewise find them at the 
points marked h, and at h*. At k we again meet with the Venericardia planicosta 

and other characteristic shells f. 

Having terminated our examination in White Cliff Bay, we next directed our 
attention to the corresponding out-crop at Alum Bay; but before proceeding to 
describe the beds, it is necessary to mention that the diagram No. 2. is copied from 
Mr. Webster’s, in vol. ii. of the First Series of the Transactions. It includes the 
London clay B, which adjoins Headon Hill, and the coloured sands beneath it, 
down to the chalk marl a. I have inserted the letters of reference used by Mr. 
Webster in his paper on these formations, that reference may, if necessary, be 
made with greater facility to his descriptions of the strata. But as a detailed 
account of the whole of the beds described by Mr. Webster is not the object of the 
present notice, I have therefore divided the space into nine portions, commencing 
at the chalk marl and proceeding towards the London clay B ; the following is the 
order of superposition : the beds in the section are in the inverse order to those 
in White Cliff Bay : 
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4. Dark greenish clay, containing abundance of London clay fossils..............+4-- 58 
5. Dark greenish gray sand, with veins of clay ..........00.. ceeere es eetceenerees 9 
Bee sort Of Clay as No.4... 6.6 ene oe tere rect enen re wecesson ne Mange 16 
7- Variegated sands and clays without, fossils... ...... 0... cc cece cene creer es cece ees 252 
Georsy and brownish clays without fossils... 0. 0... .ccc aces cerca seeanecceeenes 12 
9. London clay, commencing with a band abounding with Nummulites and minute shells 83 


+ In the section of White Cliff Bay, p.170, I have carefully abstained from tinting any part of the 
cliffs, excepting those portions which retain their original positions. The back cliff and disrupted portions 
are expressed by outline only. 
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In the first and second beds from the chalk marl, marked 1 and 2 in the second 
line of figures, no fossil remains were found, although a careful search was made 
for them from the beach upwards to nearly the turf-line at the top of the cliff. 
But upon examining the dark greenish gray coloured sands and clays included in 
the space numbered 3, 4, 5, and 6, we found in various parts the following well- 
known species of London clay fossils : Venericardia planicosta, Cardita margaritacea, 
Mya intermedia, Ostrea ——, Venus ——, Cardium semigranulatum, Nucula simi- 
lis, N. amygdaloides, Turritella conoidea, T. elongata and T. edita, Murex innecus, 
Buccinum desertum and Cancer Leachii. The last fossil was found in the dark 
greenish gray sand near the chalk, and marked No. 3. in the diagram. 

The whole of these specimens present the usual appearances of London clay 
fossils from Barton, Hampstead, etc. Upon carefully examining the strata of vari- 
egated sands and clays, extending 252 paces in length, we did not succeed in 
finding fossils ; but at No. 8, where the London clay again makes its appearance, 
Nummulites and other London clay shells were found in great abundance. 
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XV.—Description of the Fossil Trees found in the Excavations for the 
Manchester and Bolton Railway. 


By JOHN HAWKSHAW, Esa., F.G.S. 


[Read June 5th, 1839. ] 


Piate XVII. 


THE fossil trees, to which the following observations refer, were found at Dixon 
Fold, Clifton, near Manchester, in making the excavations for the Manchester and 
Bolton Railway*. The largest of these fossils, No. 1. (see Pl. XVII.), was disco- 
vered about two years since (1837) ; and the others have been met with during the 
last three months, in excavating below the level of the rails to form a drain. No. 1. 
may have been taller than it now is, for being of a friable nature, a portion of its 
upper end might easily have been removed by the workmen before they discovered 
what it was. This observation is still more applicable to the others, as they are 
further within the line of railway, and the earth above them was removed in larger 
masses ; but though they may have been shortened by this means, it is not pro- 
bable that the imbedded remains of the original stems could have been more than 
a few feet longer than at present. 

The section (fig. 6.) showing the stratification above the fossils, is in the 
direction of the line of railway, or from south-east to north-west ; but the dip of 
the strata being nearly due south, at an angle of about fifteen degrees, the section 
passes obliquely across the dip. The dotted horizontal line is very nearly coinci- 
dent with that of the rails. 

The small bed of coal, the ‘‘ two-feet mine” (es Section, Pl. XVII.) beneath 
which these fossils stand, occupies an intermediate place in the coal-field of the 
district. There are above the two-feet mine, in a thickness of about 130 yards, four 
other ‘‘ mines” of coal, of an aggregate thickness of sixteen feet. The next subja- 
cent coal-bed is forty-five yards below the two-feet mine. It consists of cannel coal, 


* Care has been taken to preserve them, and they are now standing erect as when found; and being 
as much protected from the weather as their situation will admit, they will retain, for twelve months, at 
least, their original sharpness of outline sufficiently to render them interesting to the geologist. (1839.) 
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and is so irregular in dimensions, as to vary within a space of 600 yards from 
three to thirteen feet in thickness. Below the cannel are five or six other beds, all 
of which are worked within a few miles, so much does this part of the country seem 
to have been affected by physical derangement. 

The five fossils are nearly in a straight line, and being parallel to the direc- 
tion of the railway, they stand obliquely across the dip of the strata. In the 
direction of the section, a line drawn through the roots of the trees is conformable 
to the inclination of the strata; and in the direction of the true dip, this is still 
more plainly the case, the large spreading roots of No. 2. and No. 5. being quite 
conformable to the inclination of the stratum on which they rest; and the roots 
of the others are equally so to the extent to which they are seen, but being less 
exposed, they are not so striking in this respect. The whole of the stems stand 
very nearly at right angles to the plane of stratification. They are chiefly imbedded 
in a soft argillaceous blue shale, but that which surrounds the upper end of No. 1. 
is of a more siliceous nature. In the same plane as the roots, a thin stratum of 
coal has been found as far as the excavations have extended. 

A still more remarkable circumstance is the great abundance of the Lepidostrobus 
variabilis about the level of the roots; for in the small excavations made around 
each tree, and just in the covering of the roots, more than a bushel of these fossils 
was found, chiefly in single specimens, forming the centre or nucleus of ovate 
nodules of bluish argillaceous shale. These specimens forwarded to the Society 
have been examined by Mr. Morris, who fully agrees in the above determination. 

The whole of the fossil trees had a coating of coal, varying in thickness from 
a quarter to three-quarters of an inch ; but generally it was so soft and friable, that, 
in removing the shale from around the trees, it crumbled off. The fossils conse- 
quently now appear to be almost decorticated ; but the existence of the coaly enve- 
lope proves that they retained their bark wholly or in part when they were enclosed 
by their present matrix. Near the root of No. 5. a portion of this coal, about 
three-quarters of an inch thick, remains strong and firm. Its surface is marked 
slightly with longitudinal flutings, but they are very irregular in distance and 
direction. 

The whole of the decorticated surface of the fossils has similar markings, the 
depression of the flutings being generally less than a quarter of an inch, and the 
intervening spaces about two inches broad ; but there is considerable irregularity 
in this respect, and nearer the roots the slight furrows almost disappear. In seve- 
ral places, the surface of the cast of the trunk, and which evidently corresponds 
to that beneath the bark of the trees, bears distinct impressions of the woody 
fibre. ‘This fibrous appearance is not generally longitudinal and parallel, but waving 
and irregular ; resembling the peeled surface of our hard-wooded forest-trees. 
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The largest of these fossils (No. 1. of Pl. XVII.) is about fifteen feet in .circum- 
ference at its base, and seven and a half feet at its top, and is eleven feet high. 
The next in size (No. 5. of Pl. XVII.) is less conical in shape, and measures seven 
and a half feet in circumference, and is six feet in height. 

The fossil No. 2. has a shorter trunk; but is nine feet in circumference and 
two and a half feet in height. It has three large spreading roots which are nearly 
four feet in circumference at their commencement, and which, after extending 
six feet from the trunk, separate into eight arms er roots. The other two 
fossils (Nos. 3, 4.) are of smaller size, being three feet and five feet in height 
respectively, and six feet in circumference ; and their roots seem to extend but 
a short way into the soft shale and coaly matter. The roots of No. 5, as far as ex- 
posed, are solid and strong and four feet in circumference, and being quite un- 
broken, they have every appearance of being prolonged to a considerable distance 
from the trunk of the tree. There is no reason for supposing that the roots of 
No. 1. are not equally spreading, but the position of both these fossils rendered it 
difficult to follow them further. None of the drawings show the roots so perfectly 
as they are seen in situ; for all the fossils, except No. 1, being considerably below 
the level of the rails, and standing in deep holes, the artist in drawing them had 
to take a bird’s eye view, which rendered it difficult to delineate them perfectly. 

The description which I have given of the appearance of the fossils and their 
situation, will, I hope, with the assistance of the drawings, be understood ; it there- 
fore only remains to add a few general observations. 

I have already mentioned, that the roots of the trees were covered with a thin 
stratum of coal: by excavating on the opposite side of the railway, I found that 
this seam (eight to ten inches thick) extended under the railway, and to a distance 
therefore of ten yards at least from the trees ; and it is likely that it ranges much 
further. It probably represents what was formerly the vegetable covering of the 
spot on which the trees stand. It is true, that the fact of the trees having been 
found erect, would not prove that they grew there; but that they now stand, 
(broken and fossilized,) on the very spot where they once flourished, is rendered 
exceedingly likely by the circumstance of all of them being perpendicular to the 
stratum on which they rest. Having, during a residence in South American forests, 
been accustomed to see trees torn by the roots and carried to and fro, I find it 
difficult to conceive that, even once in ten times, a tree so transported and re- 
planted (if I may use the expression) in another place would be left quite in a per- 
pendicular position. There is, perhaps scarcely ever, in trees of large girth, such 
a preponderance of weight in the roots as to ensure more than obliquity of position 
in deposition after such a removal ; for the earth torn up with the roots is soon 
washed off ; and that five trees near together should all have been thus placed quite 
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perpendicularly, would be a much more marvellous thing than that they once grew 
where they now stand. 

Admitting them to have lived where they have been discovered, and consi- 
dering as a general rule that trees grow perpendicularly to the horizon, these fos- 
sils would indicate, that the strata of the coal formation on which they rest, were 
formerly in a plane parallel to that of the horizon, and have since been inclined 
to the angle at which they now lie. : 

With regard to the species of the trees, there is a difficulty in aeae ee upon it. 
The friable and disintegrated state of the coaly envelope gave little or no clue to 
the external markings of the bark. The great size of the stems and the appear- 
ance of flutings would lead to the belief that they are specimens of the Sigillaria 
pachyderma ; but this opinion depends chiefly on the flutings for its support, and 
they are perhaps too indistinct and irregular to be very decisive evidence. 

Could the fossils be shown to be specimens of Lepidodendron Sternbergu, it would 
be an interesting fact, in conjunction with the circumstance of the ground around 
them being strewed with fossil specimens of Lepidostrobus variabilis, which M. 
Adolphe Brongniart was of opinion belonged, as organs of fructification, to a Lepi- 
dodendron. How far the absence of the rhomboidal scars in the lower part of spe- 
cimens of so great dimensions should weigh against such a supposition, is for more 
competent fossil botanists than myself to determine. 


Manchester, May 1839. 
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XVI1.—Further Observations on the Fossil Trees found on the Manchester and 
Bolton Railway. 


By JOHN HAWKSHAW, Esa., F.GS. 


[Read February 27th, 1840. ] 


SSINCE the reading of my first communication on this subject, another fossil tree, 
about three feet in length and three feet in circumference, has been found on the 
opposite side of the railway. It stands on the same thin stratum of coal as the 
others, and, like them, it is perpendicular to this stratum. This additional fossil 
tends greatly to confirm the view already taken, that the trees now stand on the 
precise spot where they grew. If there be some difficulty in conceiving that one 
detached and erratic tree could be placed and left quite perpendicular on the sur- 
face of an ancient formation, there is vastly greater difficulty (in my mind almost an 
insuperable one) in conceiving this condition to belong to six trees, all within a few 
yards of each other. But even of the precise position in which they stand, no 
written account can convey a conviction as to their being in situ, at all equal to 
that which forces itself on the mind from a single glance at the fossils themselves ; 
and for precisely the same reason, that a mere statement of five or six broken 
stems of trees standing in the middle of a green field, would convey nothing like the 
certainty of their having formerly grown there, that would be derived from one 
glance at the objects themselves. As far as I am aware, not one of the many geolo- 
gists who have inspected these fossils has felt a moment’s hesitation in considering 
them to be now on the same spot where they grew. This point being as I conceive 
settled, I will proceed to add a few particulars and observations which appear to 
me to be applicable in some degree to these and similar fossils. 

In the tropical parts of South America, I have observed several instances of 
trees which had been cut down or broken off near the ground, becoming hollow 
by the rapid decay of the wood ; little more being left than an outer shell, con- 
sisting chiefly of the bark, which had resisted decay better than the wood. The 
cases to which I refer, were of dicotyledonous trees, having a proper bark ; and 1 
have noticed this peculiarity more frequently in trees of that class than in Mono- 
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cotyledons, excluding of course the bamboos, canes, etc., which are always hollow. 
For instance, in the Palm tribe, which near the coast is frequently interspersed 
with forest trees, I do not remember to have met with an instance. The rind or 
outer covering of this magnificent class of plants is of considerable thickness, and 
has generally a density and a structure which seem to defy decay ; while the inte- 
rior or pithy part possesses antiseptic qualities whereby it is enabled to resist decom- 
position much longer than the interior or proper wood of many of the tropical 
forest trees growing in low and moist situations. 

Sometimes the portion remaining in the ground of these dicotyledonous trees, 
including the strong roots and a short piece of the stem, presented very much the 
appearance of the founder’s mould when he has withdrawn the pattern from the 
sand, before the metal is run in to form the cast. By this kind of decay a cavity 
was left, from which might have been taken a fac simile of the lower portion of 
the tree, with the strong, diverging roots; and in nearly all cases, this cavity 
was lined with the whole or with remnants of the bark. Deceived by their out- 
ward appearance, I have stepped upon similar trees which were prostrated on the 
ground, and which, unable to resist the pressure, gave way beneath my feet, and 
allowed me to sink into what was apparently a massive tree, but which in reality 
was only a hollow cylinder. 

So often do these decayed stems occur in the low and hot forests of the coast 
of South America, that dangerous accidents frequently happen in consequence. 
Many of the rude and temporary bridges which had been thrown over narrow 
streams and ravines by Englishmen, who wanted the leisure or the knowledge to 
select a proper material, have often suddenly given way, though they had been 
erected perhaps only twelve months. Formed of trunks of trees, the outward 
appearance afforded no sign of the inward decay; and the first notice the unwary 
traveller had of the instability of the bridge, was, his being precipitated into the 
stream below. The bark of these trees had changed but little, while of the interior 
nothing was left except dust and a few decayed remnants, which crumbled beneath 
the lightest touch. 

The forests in which I have observed these appearances are in Venezuela, on the 
shore of the Carribean Sea, between the eighth and tenth degrees of north latitude, 
and the sixty-fifth and seventieth degrees of west longitude. The only analogous 
appearances we have in this country, are produced by the dry-rot, which sometimes 
destroys the interior of timber with great rapidity, leaving an exterior crust ; but 
these appearances are neither so frequent nor so striking. In the tropical forest a 


few months suffices to destroy the interior of the largest tree, by a process which, — 


instead of being of a vegetative nature, as the dry-rot is in this country, appeared 
to be of a fermentative character commenced in the juices of the tree, and which 
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dissipated in volatile gases that which just before had presented a solid form. 
The great heat and excessive moisture of these forests appear well calculated to 
hasten such processes ; and in a manner which persons who have always lived in 
more northern climes can scarcely conceive of ;—whether these processes ori- 
ginate in chemical action, or in the growth of fungi, or in both combined. 

Cases of this kind were met with most frequently in the low and flat lands, which 
are equally adapted to the growth of the tallest forest trees and the most majestic 
palms, and where, from the deep wet soil and excessive moisture, all the subor- 
dinate vegetation consisted of canes, bamboos, and minor palms. Such tracts 
would be most easily submerged, and are most analogous in character to our coal- 
basins. The filling-up or undergrowth of these districts being soft and green, 
it would be less likely to leave permanent traces of its existence behind. The 
palms would form but a small proportion of the whole, and a large number of the 
forest trees rendered tender and friable by rapid decay would be dissipated and 
lost in the surrounding nucleus, leaving little more than specks of carbonaceous 
matter, to tell of their former existence. Supposing the vegetable covering of 
the spot on which the forests grew, was thick enough to form that which to fu- 
ture ages would be a seam of coal, the decayed trees would be incorporated and 
mixed up with the mass of vegetable matter, mingling like the dust of former 
generations with their kindred dust around. These observations may perhaps 
somewhat elucidate why so few distinct fossil remains of a large size are found in 
our coal-measures, and the absence of which has not unfrequently struck me as 
peculiar, considering the myriads of forest trees which must have constituted part 
of the vegetable kingdom at the time of the formation of our coal-deposits. The 
fossil trunks of trees are comparatively rare. Calamites, if they resembled the 
canes or reeds of tropical forests, from their harder texture, might be expected to 
have more frequently left the traces of their forms behind; but if they belonged, 
as seems likely, to another class of plants of a softer structure, the question again 
arises, why are they more numerous than the fossil remains of trees? Giving full 
force to what I have stated as to the rapid decay of many forest trees in tropical 
climates, it may yet be remarked, if coal is to be looked upon as the debris of a 
forest, we ought to find more numerous traces of trunks of trees in our coal-basins. 
The difficulty is a great one, and it is only perhaps by allowing the original of our 
coal-seams to have been a combination of vegetable matter analogous to peat, that 
the difficulty can be solved. Few trees would grow in these situations ; and we 
might expect to find them, as we do find them, few in number, and isolated in posi- 
tion. The Flora of our coal-formations would then be representatives of almost 
naked mosses ; and the remains of vegetable forms we most frequently find would 
only, as has been already advanced by Professor Lindley, be confirmative of the 
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antiseptic qualities of their original nature, not of the number or importance of 
their particular genera, at the time of their deposit. 

Whatever opinion may be drawn from that which is conjectured in the foregoing 
statements, there is one conclusion that will be obvious; viz. that though fossil 
remains may be found filled with a mechanical deposit, and containing traces of 
other vegetables, yet this condition does not prove that the stems were formerly 
hollow, nor even render it the most likely hypothesis ; for they may have been what 
are usually termed hard wood trees, notwithstanding this circumstance. 


Manchester, January 1840. 
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XVII.—On the Siliceous Bodies of the Chalk, Greensands, and Oolites. 


By J. S. BOWERBANK, Esa., F.G.S. 
[Read March 11th, 1840.] 


Puates XVIII. and XIX. 


THE singular forms presented by the tuberous masses of flint found in the upper 
chalk have long induced naturalists and geologists to imagine that their forms 
were derived from Alcyonic or spongeous bodies, but I am not aware that this 
has hitherto been demonstrated to be the actual fact. Professor Ehrenberg’s 
observations on siliceous bodies first induced me, in common with many other 
persons, to cause thin slices of flints to be made, with the intention of procuring 
specimens of Xanthidia ; and in {the examination of these slices I was struck 
with the frequent occurrence of small patches of a brown reticulated tissue, which 
always presented nearly the same appearance. The occurrence of this tissue, 
combined with the circumstance of finding spicula exhibiting nearly the same form 
and size, and always occurring in about the same proportion, along with numerous 
foraminated shells and other extraneous bodies, strongly induced me to believe 
that the brown reticulated tissue was a portion of the remains of the organized 
body, the shape of which was represented by the flint nodules ; and the indications 
thus observed equally inclined me to believe, that if these flints were fossil organ- 
ized bodies, they would almost inevitably prove to be sponges. With these 
views I commenced the investigation of the flints of the chalk, and as a prelimi- 
nary measure I first examined, in a cursory manner, thin slices of flint nodules 
from various localities, especially of those from the neighbourhoods of Gravesend 
and Brighton, and from Hertfordshire, Norfolk, and Wiltshire ; and in all of them I 
found a perfect accordance in the structure and proportion of the reticulated tissue, 
and of the spicula before alluded to, and also in the occurrence of Xanthidia and 
Foramimfere. This similarity in the structure of the flints from all the above local- 
ities, renders it unnecessary to detail the results of each examination separately. 
I shall therefore confine myself to the description of what may be observed, by a 
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careful investigation, in any chalk flint, without reference to the spot from which 
my specimens may have been procured. 

When thin polished slices of the common tuberous flint of the chalk are pre- 
pared by a lapidary, mounted upon slips of glass, and subjected to examination, 
as transparent objects, with a microscopic power of about 120 linear, it will be 
observed, that the appearance presented to the eye is similar to that of a thin stra- 
tum of a turbid solution of decomposed vegetable or animal matter, containing frag- 
ments of extraneous bodies, mixed with small foraminated shells, spicula of sponges, 
and minute animalcules ; especially of that highly interesting and beautiful genus, 
Xanthidium. Amid this heterogeneous mass there are frequently to be noticed 
fragments of the brown reticulated tissue, to which I have before alluded ; and 
occasionally, if the slice be from near the surface of the flint, these patches of 
brown spongeous substance are comparatively of considerable size, and are dense 
and opaque. In this state, and by this mode of examination, the reticulated form 
of the structure can only be perceived at the edges of the mass. When it occurs 
in this well-preserved form, which is indicated to the unassisted eye by the appear- 
ance of rusty brown coloured spots on the flints, it is best examined by placing a 
small round black patch, about two lines in diameter, behind the spot to be exa- 
mined ; and then illuminated by a leiberkuhn; and viewed with a power of 120 
linear, it exhibits the characters represented in fig. 1, Pl. XVIII. In that speci- 
men, which is from a flint procured at Northfleet, near Gravesend, the struc- 
ture is remarkably well preserved. The mass of the sponge appears to con- 
sist of numerous cylindrical contorted canals, which, from the uniformity of their 
size and the minuteness of their diameters, would appear to have been the in-cur- 
rent canals of the sponge. Occasionally orifices of a considerably larger diameter 
are dispersed in the mass, and have every indication of having been the large 
ex-current canals. The walls of these canals present the appearance of having 
been formed of a thin glairy network, bearing a strong resemblance to the reticular 
substance of the common freshwater sponge of the rivers of England. Amid the 
mass are found spicula, comparatively speaking, very sparingly dispersed ; and 
minute foraminated sheils of many species, imbedded in a precisely similar man- 
ner to what we observe on a larger scale in the recent Mediterranean sponge of 
commerce*. Very frequently, when but little of the reticulated substance of the 


* When the above passage was written, it was generally considered that the Keratose sponges were 
destitute of spicula ; but I have since ascertained that they are occasionally found imbedded in the larger 
horny fibres of the sponges of commerce, and in numerous other sponges of the same genus from New 
South Wales; and I have described the mode in which they occur in a paper read before the Micro- 
seopical Society, Jan. 27, 1841. Since the publication of these facts, I have also ascertained, from the 
examination of an Australian species of Keratose sponge which was brought by Mr. Gould from Swan 
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sponge remains, its former presence is indicated by the siliceous matter exhibiting 
the aspect of a congeries of gelatinous globules, evidently arising from the silex having 
been moulded by the tissue amid which it was deposited ; and the gelatinous mole- 
cules, when traced to the edges of small patches of the spongeous texture, are found 
to agree in size and form with the orifices of the supposed in-current canals. In other 
cases, no indication of the former presence of the organized structure of the sponge 
remains ; but its previous existence is proved by the mode in which the spicula, the 
foraminated shells and the other extraneous matters are found suspended, equally. 
in all parts, and not precipitated to one particular portion of the flint, which would 
have been the case, had the space in which they were deposited been a mere hollow, 
arising from the imbedment and subsequent rapid decomposition of the body which 
has given rise to the peculiar form assumed by the mass; but, on the contrary, 
their continued suspension in their natural position indicates that the organized 
tissue in which they were entangled, retained its form and texture sufficiently long 
to allow of the infiltration and perfect fossilization of these interesting remains, 
in their original places. Had we no other evidence, the nature and position of 
these remains would have strongly indicated the former spongeous nature of the 
tuberous-shaped flints of the cretaceous beds. If the chalk be carefully washed 
from the exterior of a flint with a soft brush, and a portion of that surface be 
examined as an opaque object by direct light, with a microscopic power of about 
50 linear, we shall observe it to present a peculiar saccharine appearance, with 
occasionally deep circular excavations ; and with small fragments of shells and 
other extraneous matters, partly imbedded in, or only slightly adhering to, its sur- 
face. If the surface of the flint be further cleansed from the chalk, by immersion 
in dilute muriatic acid, until effervescence ceases, the deep circular orifices will 
frequently be seen to have spicula projecting from their sides ; thus strongly point- 
ing them out as having been, in all probability, the mouths of the larger ex-current 
canals. If small pieces, about a quarter of an inch in diameter, be now selected, 
presenting the roughest and most saccharine aspect, and these be illuminated by 
a leiberkuhn, and examined with a microscopic power of 120 linear, under favour- 
able circumstances, it will be seen that the surface is formed by a complex mass 
of small contorted tubuli, the apices of many of them being furnished with a mi- 
nute perforation, as represented in fig. 2, Pl. XVIII.* The tubuli on the surface 


River, preserved in spirit immediately after being taken from its place of growth, that siliceous spicula 
occur in great numbers in the fleshy substance that fills up the horny network of the sponge in its live 
state. It therefore ceases to be an anomaly, as it might have hitherto been supposed, that siliceous spi- 
cula should be found imbedded in the fossilized remains of a Keratose sponge-—March 1841. 

* A similar tubular structure of the fibre exists in the recent Spongia fistularis, described and figured 
‘by Dr. Grant in vol. ii. of the New Edinburgh Philosophical Journal—March 1841. 
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of the flint stand boldly in relief from the more solid portion of the white crust, 
which surrounds the dense and semi-transparent mass. If we give but a slight 
consideration to the circumstances under which these bodies have been probably 
buried, we shall at once perceive that the characters exhibited by the surface of 
the flints, and the state of the tissues at this part, are exactly such as we should 
naturally expect to be the case ; for if a modern sponge of a close texture be im- 
mersed in water, in a tranquil situation, and a gradual deposit of calcareous silt, of 
small specific gravity, were to take place upon it, the deposited matter would 
penetrate the substance of the sponge toa very slight extent only, while the interior 
of the space would remain filled with pure or nearly pure water, and the portions of 
its structure thus embraced by the calcareous deposit would be protected to a great 
extent from the operation of other agents; and we might reasonably expect that, 
although the minute hollow tubuli might be assailed from the interior of the mass 
by a second and more fluid matter, and thence become silicified, yet that the space 
between them would be occupied by the matrix in which they were imbedded : and 
this is exactly what appears to have taken place during the process of the fossili- 
zation of the sponge of the common flint. The structure, both internal and exter- 
nal, and the peculiarities thus described, are common to the great mass of the 
tuberous flint nodules of all the localities of the chalk formation of England from 
which I have been able to procure specimens, and under circumstances where we 
should have scarcely expected them to have been preserved. 

The structure and other characters of the layers of tabular flint are in perfect ac- 
cordance with those of the nodular flints. Xanthidia, spicula, and foraminated shells 
are dispersed with equal abundance in its substance. The upper surface resembles 
in every respect that of the flint nodules, while the under one presents, even 
to the unassisted eye, a still more strongly marked spongeous aspect. Its general 
appearance is that of a sponge which has been built upon an irregular surface, and 
has followed the whole of the sinuosities. The great ex-current canals are larger 
and more numerous than usual; and the spicula are more abundant, frequently 
projecting from the surface, while the Foraminifere are attached so abundantly to 
it, that upon a superficies of an inch and a half square, I have counted upwards of 
twenty specimens of various species, some of which were attached only by a minute 
portion to the mass, precisely in the manner in which small bodies are frequently 
attached to recent sponges. It would thus appear, that the only difference be- 
tween the tabular and other forms of flint was, that at the period of the formation 
of the tabular flint the original sponge was built upon a firmer and less change- 
able surface than usual; and that under these circumstances it had obeyed its 
natural instinct, that of coating over any mass upon which its gemmule might have 
chanced to settle, in a manner precisely analogous to the habits of the freshwater 
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sponge of our rivers, and to many other parasitical species which are inhabitants 
of the sea at the present period. Wherever the sponge had settled upon a shell, or 
Echinus, this habit of coating the body it was based upon is strongly illustrated ; but 
as the substance thus built upon was probably to a small extent immersed in the 
silt or mud, we rarely find more than half or two-thirds of the surface enveloped, 
and from this circumstance it is, that we detect in chalk fossils so many which are 
more or less imbedded in flint ; and among these, instances are found, varying from 
cases in which the sponge-gemmule had not long settled and commenced develop- 
ing itself, to where it had grown to such an extent as to have exceeded many times 
the size of the base, upon which it most probably at first settled. The great mass 
of nodular chalk flints does not exhibit any indication of a base, except in those 
instances where extraneous substances appear upon the surface ; but this may be 
readily accounted for, when we consider, that probably, in the first instance, the 
gemmule was attached to some minute fragment of a shell or other substance, and 
that its further development took place while it was merely recumbent on the silt 
or mud; in the same manner as we occasionally find specimens of modern corals, 
etc., without any apparent base, the original attachment having been built over, 
after it had become separated or liberated. In one specimen of flint in my pos- 
session, the sponge appears to have been torn or injured, nearly at its middle, as 
a broad and distinct band or collar has been built round it, evidently with a 
view of repairing the injury and strengthening the substance at the weakened 
part. 

The perpendicular and oblique veins of flint, found in the chalk cliffs between 
Brighton and Rottingdean, and described by Dr. Mantell, present precisely the 
same internal characters as the tabular flint and the common tuberous nodules. 
The external characters are also similar to those of the tabular flint. If we ob- 
serve these veins in situ, we shall frequently perceive, that the whole of their sub- 
stance is not of uniform density, but that there are often, near the middle of the 
vein, parts where the two interior surfaces have not united, and that the spaces 
are generally filled with chalk. If this chalk be carefully removed or dissolved by 
diluted muriatic acid, the internal surfaces present the same appearances which 
have been described as characterizing the exterior of the ordinary flint nodule 
and the aspect of the whole is precisely such as we should expect to find, if the 
two sides of a fissure in a rock were covered by our common freshwater sponge, or 
one of similar habits ; and the two outer surfaces had been built towards each 
other and had joined in some parts, while in others they had approached, but had 
not united. The sides of these flint veins are not studded with numerous species 
of Foraminifere, like the under surface of the tabular flint, but from the position 
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in which the flint veins have been built, it isa natural consequence that this should 
not be the case. 

Having thus satisfied myself that the common tuberous flints, the horizontal 
tabular flints, and those forming perpendicular or oblique veins, were all produced 
by the same agency, and having observed the frequent occurrence of the partial 
imbedment of shells and other extraneous bodies, I was naturally led to infer, that 
in all probability the interior casts of Echinites and similar bodies, which are fre- 
quently found to be filled with flint, were also produced by the same agency; I 
therefore procured numerous specimens of silicified Echinodermata, and their ex- 
amination strongly corroborated this supposition. Some of them were not entirely 
filled with flint; in one case a small portion only was siliceous, in others two- 
thirds or three-fourths of their interior were so occupied, while the remaining 
space was filled with chalk. Upon clearing away the chalk from this part of the 
specimen the flint never presented an even surface, such as would have been pro- 
duced had a portion of fluid matter entered through the ambulacra and subsided, 
as water or any similar liquid would have done ; but, on the contrary, the sur- 
face was always undulated, and frequently projected considerably above the sur- 
rounding parts, more especially near the side of the shell, against which it was 
frequently built in semi-cones or columns, and in the space thus unoccupied by 
the flint there was always included one or both of the large orifices of the shell. 
The undulated surface of the flint thus concealed within the Echinite presents 
exactly the same organic characters which are observed on the flint nodules. Most 
frequently the Echinite is filled with the flint; and the animal having thus built 
its prison full, has usually perished from want of sustenance ; at other times it has 
survived this incarceration, and has grown out of one or both of the great orifices 
of the shell, and has then, in some cases, increased to a very considerable extent. 
On the exposed surface of the whole of these, whether it be only to the extent of 
a slight convex projection from the orifice of the Echinite, or to a considerable 
mass, an accordance will be found with the organic characters before described. 

If some of the specimens of Galerites and Spatangus, which are filled with flint, 
be placed in diluted muriatic acid, and the whole of the shell be removed, the ap- 
pearance presented by the siliceous casts will still further corroborate the opinion 
of their spongeous origin. Occasionally it will be found, that the ambulacral ori- 
fices of the shell have been filled with fine threads of silex, and that these are based 
upon the cast; but more frequently we shall find, that opposite to each of these 
numerous minute orifices, there is a small but deep depression, the interior of which 
presents the usual characteristic surface observed on all flints, and the minute 
tubuli will be seen as boldly projecting at the bottom and around these small exca- 
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vations, as upon any of the exposed surfaces of the flint. In these cases the am- 
bulacral orifices of the shell have evidently been used by the sponge as so many 
inlets to admit the streams of water which were necessary to its existence ; and the 
depressions thus produced directly beneath them were clearly intended as a means 
of facilitating this operation. On the surface of the cast, in the immediate neigh- 
bourhood of the two large orifices of the shell, there is frequently a series of 
channels, which have evidently been left by the sponge for the same purpose as 
the depressions opposite the ambulacral pores, and the bottoms and sides of these 
channels exhibit the sponge tubuli in a like manner. 

It frequently occurs in the Echinites which are filled with flint, that portions of 
the shell have been replaced or infiltrated with silex. In all these cases that I have 
seen, the silex presents a stalactitical or chalcedonic form, and never exhibits the 
spongeous texture. Very frequently, however, thin laminz of spongeous texture 
are found to have been built between the plates of the Echinite, where they have 
happened not to have been quite in contact; and in these lamine the tubuli are as 
beautifully distinct as in the most favourable portions of the mass of the cast. If 
the surface of the cast be microscopically examined, we shall frequently observe 
that the flint has not been in such a state of contact with the shell as a cast from 
a fluid material would be supposed to present ; for although the boundary of each 
plate is well marked, the areas of their impressions exhibit such a view of the tu- 
buli of the sponge as we might naturally expect to find where numerous minute 
tubes have been built against a flat or slightly concave surface. Sometimes the 
sponge has grown round the interior of the shell, and has left a hollow near its 
centre ; and occasionally the sponge appears closely approximating, yet not quite 
adhering, to the inner surface of the Echinite. In these cases, a thin film of 
chalcedony is frequently spread over the organized surface of the sponge, which in 
a specimen in my possession is in several places to be seen through small breaks in 
the film. 

The results arising from the various forms of flint which have been described, 
induced me to believe that the flint cases enveloping the numerous and beautiful 
specimens of sponges and corals of the Wiltshire chalk would probably prove to 
have originated in a similar manner to the forms of flint before described. I there- 
fore requested Mr. John Baker of Warminster, who collects large quantities of 
these beautiful fossils, to furnish me with some, the interior surfaces of which had 
not undergone the usual process of washing and brushing. Having cleaned these 
carefully, by pouring into them a small stream of water, I observed spicula pro- 
jecting from all parts of the interior surface; and the same appearance was ex- 
hibited to a greater or less extent in more than twenty specimens which I examined, 
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however different in character the sponge or coral enclosed within the flint might 
have been; the spicula appearing to have no reference whatever to the bodies 
thus enclosed, none of them being found upon the included body, but only upon 
the case. When microscopically examined, the interior surface of these flint-cases 
presented in every respect the same appearance as that exhibited by the under 
surface of the tabular flints ; and there are generally fragments of minute corals, 
small Terebratule and other shells attached to the inner surface ; and in the same 
case there are frequently two, and sometimes three, different species of coralline or 
spongeous bodies ; thus proving that these beautiful Wiltshire specimens are merely 
extraneous bodies which have been built over and enveloped by the common coat- 
ing sponge of the chalk. Many of the contained bodies also present evidence of 
their having been exposed some time previous to being thus enveloped, as we fre- 
quently find upon their surfaces patches of Flustra, which are in the habit of seat- 
ing themselves upon dead or inorganic matter. Thin sections of the cases of the 
Wiltshire fossils exhibit the characteristic Foraminifere and spicula, as well as the 
common species of Xanthidia. 

It may be objected to this mode of accounting for the envelopment of sponges 
and corals by the common casing sponge of the chalk, that the enclosed bodies 
are usually almost in the centre of the flint, which would not be the case, if they 
had been dead specimens lying at the bottom of the ocean at the time they were 
built over; but in reply to this it must be remembered, that although dead speci- 
mens, they most probably retained the position in which they lived until the ex- 
traneous mass surrounding them might alter their centre of gravity, when they 
would fall on one side, and their bases would then, in all probability, be built over 
in the same manner as the remainder of the mass. In many of these bodies, also, 
there are portions of the enveloped sponge or coral which have never been invested, 
and in numerous instances there are orifices remaining in the flint-cases through 
which the roots of the enclosed body have passed out, and which were probably 
preserved from being built over, either by being buried in the soft mud, or by 
being attached at the bottom of the ocean. 

The tubuli of the flint-sponge are very minute : an average of the measurements 
of four well-defined tubes upon the surface of a common flint gave the z'gsth of 
an inch as the diameter ; the smallest of these was the 7;';s5th, and the largest the 
sooth of an inch in diameter. In the cast of an Ananchytes, five which were 
measured gave an average of the g$gnd of an inch; the smallest of these being the 
aysth, and the largest the =}oth of an inch in diameter. In the cast of a Galerites 
albogalerus, in which they were in a very beautiful state of development, a mea- 
surement of seven gave the s}sth as the average ; the largest being the 7$gnd, and 
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the smallest the 5}5th of an inch in diameter. The tubuli in this specimen were 
hollow ; and one of them, which had been broken at a right angle to its axis, gave 
the following measurements: external diameter goth, internal diameter y4/;g3nd of 
an inch ; thickness of the substance of the tube 7;’¢7th of an inch. In their size and 
proportion the tubes agree very nearly with those of the recent sponges. The 
average diameter of the fibre of the common sponge of commerce is about the 
sisoth of an inch, and in the sponge from New South Wales the diameter varies 
from the 9+;st of an inch to the g}gnd. The spicula are large in proportion to the 
other parts of the tissue, very frequently exceeding the eighth or tenth of an inch 
in length. They are thinly scattered, and usually acicular in their form; but some- 
times they are forked or branched, but this is comparatively arare character. They 
do not occur in fasciculi, as in Halichondria, but are usually solitary, or a few are 
grouped together. They are mostly of an elongated, spindle-formed shape and 
somewhat curved, as represented in fig. 3, Pl. XVIII., which exhibits them in 
their natural position, on the interior surface of a flint from Wiltshire ; or in fig. 4, 
Pl. XVIIL., which gives a series of the largest of them, separated from the white 
friable siliceous matter from the interior of one of the Wiltshire flints. 

The results arising from the examination of the flinty bodies of the chalk in- 
duced me to believe that the cherts of the greensand formations and of the oolites 
would probably prove to be of similar origin. I therefore examined thin slices 
of specimens of chert from the upper greensand pits of Fovant in Wiltshire, in the 
manner pursued in the investigation of the flints ; and I found, as I expected, the 
result to be of a similar description ; but in this substance the spongeous fibre is 
of a much coarser texture than in that of the chalk-flint, and the interstices of the 
network very much larger in proportion. ‘The imbedded extraneous matters are 
also of a larger description, such as small fragments of apparently very fine branched 
vegetables, etc., in addition to Xanthidia and other small organic bodies. The 
form and mode of ramification of the tubular structure approaches nearer to those 
of the fibre of the common Mediterranean sponge than in the flint spongite. The 
tubes are seen dispersed in about an equal proportion through the whole mass of 
the chert. They are very pellucid, and would probably escape observation, if it 
were not that their surfaces are covered with a short downy-looking structure, 
which gives them very much the appearance of minute portions of a very trans- 
parent Fucus, when viewed as a transparent object, with a microscopic power of 
fifty linear. Sometimes, but very rarely, portions of the tubes remain hollow, and 
they then display a very distinct and characteristic appearance, such as that ex- 
hibited by fig. 1, Pl. XIX., which represents a portion of the tubes under these 
circumstances, as they appear when viewed as opaque objects,-with the aid of a 
leiberkuhn, The average measurement of five of these tubes gave a diameter of 
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gaath of an inch; the largest being the g+gth, and the smallest the z4;th of an 
inch. 

The cherty nodules from the upper greensand of Shaftsbury presented appear- 
ances exceedingly similar to those observed in the specimens from Fovant. The 
black and semi-transparent mass of chert in the centre was surrounded by a coat- 
ing nearly an inch in thickness, which had the appearance of agglutinated sand ; 
and the outer surface of the coat assumed an eccentric tuberous form, very similar 
to that .of the chalk flints. 

Upon microscopically examining the structure of this coat, as an opaque object, 
numerous contorted canals of various sizes were observed, and beautiful green spi- 
cula were visible imbedded in considerable numbers in the mass. It would therefore 
appear, that the same process went forward during the imbedment of this sponge, 
which we have supposed to have taken place during the envelopment of the sponge 
which originated the chalk flints; but the sponge, in this instance, being of a 
coarser and more open nature, it has been penetrated by the surrounding fine sandy 
matter to a greater proportionate depth than in the case of the chalk flints. Two 
casts of Spatangus in chert, from the upper greensand pits at Shaftsbury, presented 
results analogous to those obtained by the examination of the flint casts from 
the chalk; the surfaces exhibiting numerous tubes and spicula, which ‘corre- 
sponded in size and appearance with those shown in the thin sections represented 
by fig. 1, Pl. XIX., so that little doubt can exist of the formation of these casts 
being similar to that of the chalk flints. 

Upon examining in the same manner a number of slices from a great variety of 
masses of chert belonging to the greensand of Lyme Regis, nearly the same appear- 
ances were presented as those afforded by the chert of the upper greensand of Fo- 
yant. A group of tubuli are represented at fig. 2, Pl. XIX.: and their size, mode 
of disposition, as well as general character, so closely resemble those of the upper 
greensand, that there xs strong reason to believe the sponge to have been of the 
same species, or very closely allied to it ; and it was only when they were examined 
as transparent objects, with a power of 360 linear, that I could detect any evi- 
dent difference. Under these circumstances the tubes of the former present the 
semblance of a mucous surface, with minute irregular particles of opaque matter 
adhering to them, while the tubes of the latter exhibit an appearance as if minute 
patches of a thin epidermal membrane had been partly detached from their sur- 
face; but this trifling variation in the appearance of the organic structure may 
probably have been caused by a slight difference in the circumstances attending 
their fossilization. The tubuli vary in their size to about the same extent as those 
of the upper greensand spongite, but their average diameter is as nearly as pos- 
sible the same. 


the Chalk, Greensands and Oolites. 19] 


The dimensions and external form of the masses of chert in the greensand of 
Lyme are widely different from those of the upper greensand, and would seem to 
indicate a specific difference, but the resemblance of their internal structure evinces 
a very close alliance in every other respect. ‘Two specimens of chert from the 
oolite, one being from the Tisbury limestone and the other from the Portland, 
afforded similar strongly-marked evidences of organized structure; but with this 
difference, that in these there appeared to be a greater quantity of the cellular 
structure of the sponge preserved than in any of the former instances; and the 
appearances afforded by the structure, in both cases, were nearer to those of the 
freshwater sponge than any of the fossil sponges of the chalk or greensands, with 
the exception that there were fewer spicula than in the recent freshwater species. 
When small portions of dead and decomposing freshwater sponge were immersed 
in Canada balsam, and examined microscopically in the same manner as the sili- 
ceous slices, the appearance was so similar to that of the fossils, as to prove at once 
that the oolitic cherts derived their origin from decomposed spongeous masses*. 


* With a view of confirming the above statement, I visited, during the summer of 1840, the Island of 
Portland and the greensand formation at Blackdown. In the former district I found the principal source 
of the numerous masses of chert abounding in the great talus beneath the cliffs of the western side of 
the island to be an immense band of chert, which may be readily traced almost the entire length of 
the western cliffs, and is situated about one-third from the upper surface, of the whole height of the 
cliff that is apparent above the talus. This stratum varies from three to five feet in thickness, and 
upon a close examination it is found to be composed, not of one uniform mass of chert, but of thick 
tortuous branches, if I may be allowed the expression, which ramify and wind in all directions, leaving 
intervals between them of nearly their own dimensions, and filled with the same material as that of which 
the surrounding Portland stone is composed. This is decidedly not the form of a merely mechanical 
deposit of siliceous matter, but it resembles closely, in every respect, the arrangement which large sponge- 
ous masses assume when growing thickly strewed at the bottom of the ocean; for although sponges, 
under such circumstances, in their young state, are separate and distinct from each other, yet it is well 
known, that it is their habit, when they grow to such a size as to approach and touch each other, to 
unite and form vast masses, which spread over a great extent of surface. I examined the nume- , 
rous fresh vertical sections, frequently eight or ten feet in length, afforded by the masses which had 
recently fallen from the face of the cliff, and in all these the oolitic material was observed permeating 
the whole of the mass in an irregular and tortuous direction. In the sections of the chert thus examined 
a white, clouded appearance was very generally observable, and upon examinination was found, in every 
case, to be caused by the remains of a spongeous tissue, identical with that before described as occurring 
in the specimens of chert formerly examined. This structure may be indistinctly seen with a good Cod- 
dington lens, but to obtain an accurate idea of its nature, it should be viewed as an opaque object with a lei- 
berkuhn, and an achromatic microscopic power of two hundred linear ; and it is only by such an examina- 
tion that its true character can be observed with the greatest advantage. In the strata of Portland oolite, 
both above and below this great bed of chert, large tuberous nodules of chert are frequently found. 
These resemble very much in their external characters the irregular cherty nodules described as occurring 
in the upper greensand of Fovant and other localities. The interior presents the same structure ana ap- 
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Dr. Grant, in his ‘ Outlines of Comparative Anatomy,’ in treating of the Pori- 
phera, concludes his observations by saying, ‘‘ The abundance of siliceous needles 
in the skeletons of the lowest Poriphera assists in their conversion into flint, when 
their remains have been exposed for ages in chalk or other strata traversed by 
silicifying percolations”’ (p. 9). Iam strongly inclined to believe, that the siliceous 
spicula, in the cases under consideration, have not influenced the deposition of the 
flint in so great a degree as we may at the first view be inclined to believe, for 
there are circumstances attending this accumulation of the siliceous matter which 
are exceedingly curious in their nature. We find that the deposit of the silex is in 
no case limited or determined by the immediate presence of the spicula, nor do we 
observe, when thin sections of these bodies are viewed with the microscope, that 
the spicula have operated as nuclei from which the silex has radiated, in the form 
of needles or crystals driving the surrounding bodies before them, in the manner 
that we so frequently observe in silicified wood; while, on the contrary, we fre- 
quently notice in the chalk-flint spongites, that portions of the large ex-current 
canals are not filled with silex, and the spicula are seen projecting into them 
without even the slightest incrustation of siliceous matter upon their surface. 
On the contrary, the siliceous is in all these cases bounded by the extent of the 
animal matter of the sponge. Whenever a single tube, or a thin layer of tubes, 
has been projected from the mass, although it may have been imbedded in the 
chalk, there does the siliceous matter appear to follow, as if under the powerful 
influence of some species of elective attraction, with the laws of which we are at 
present unacquainted, but which I trust will hereafter become a subject of investi- 
gation to some of our able chemists; and this attraction of the silex to the animal 
remains is so complete, that the chalk adhering to the surface of the flint is as free 
from siliceous particles as that which is far removed from the mass ; and a hundred 
pearances which we observe in the corresponding parts of the siliceous portions of the great chert-bed. The 
clear cherty nucleus is enveloped by a thick coating of spongeous structure, which has been rendered 
opaque by a partial infiltration of the surrounding material. It abounds in large and small canals, similar 
in appearance to the in-current and ex-current canals of the recent sponge tribe, and spicula are frequently 
found imbedded in it. From all these circumstances, therefore, we may reasonably conclude, that these 
nodules are only detached specimens of the same species of sponge, which we find, under circumstances 
more favourable for their increase, uniting into vast masses, and forming the great chert-bed of the Port- 
land oolite. 

At the Whetstone excavations of Broad Hemberry and Punchey-down, I found the chert nodules 
numerously dispersed amid the greensand beds, and presenting very much the same external appearance 
as those of the Fovant and Shaftsbury greensands. Upon breaking a considerable number of them, a 
clouded, white appearance, very similar to that observed in the Portland chert, was frequently to be 
seen ; and upon examining this by the aid of a leiberkuhn and a power of two hundred linear, I found 
the spongeous texture abundantly dispersed through the specimens, and differing but slightly from the 
tissue described as occurring in the greensand cherts from Lyme Regis.—March 1841. 
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grains of chalk from the centre of a paramoudra, where we might with the greatest 
degree of reason expect to have found a more than ordinary quantity of silex inter- 
mixed, yielded but four per cent. of matter insoluble in muriatic acid, and of this 
probably one or more per cent. of the weight was owing to the impurity of the acid 
employed. If the immediate cause of the attraction of the silex had been due only 
to the presence of the spicula, it is probable that the animal matter would have 
undergone decomposition with a much greater degree of rapidity than appears to 
have been the case, and that the spicula would have been disengaged and preci- 
pitated to the bottom of the cavity caused by the imbedment of the sponge. But 
if we consider the attractive principle to have been the animal substances present, 
it will readily account for all the horny parts of the sponge, with the enclosed 
extraneous bodies, having retained the positions which they occupied during life ; 
as the immediate and progressive deposition of the silex would probably afford a 
greater degree of strength and support to the tissues than that abstracted by their 
decomposition, and thus the whole would be sustained in its pristine form. The 
silicified shells of the greensand of Blackdown confirm this view of the cause 
of silicification, for in these testacea there are no siliceous spicula to serve as 
nuclei; the carbonate of lime having been completely dissolved and carried off 
by percolation, while the remaining animal matter, it would appear, has influenced 
the deposit of a solid and compact mass of pure siliceous material, unmixed with 
sand and unimpregnated by the silicate of iron immediately surrounding it ; and 
the ligamentous hinge of the bivalves is frequently replaced in the same manner 
as the other parts of the shell. 

In the corals of the mountain-limestone, and in those of the Tisbury limestone 
also, the same attraction appears to have been exerted, as in both instances we 
find a considerable portion of the carbonate of lime has been removed and its place 
supplied by silex ; and in neither case can we suppose the previous existence of 
siliceous matter as an attractive agent. 

From the foregoing facts, therefore, it appears probable, that these abundant 
deposits of silex are in a great measure due to the presence of either animal or 
vegetable matter, and especially to the former. 

Similar phenomena have taken place, but with a different material, in the London, 
Kimmeridge, and Oxford clays ; the fossilizing substance in such cases being sul- 
phuret of ironin the place of silex. In nearly all these animal and vegetable 
remains, the tissues are literally replaced by sulphuret of iron. In the numerous 
pyritical remains of stems of trees and of fruits in the London clay we find 
the cells and vessels often completely hollow; while the delicate tissues form- 
ing their walls have been replaced by bright, thin films of pyrites. In the animal 
remains in the same formation this attraction has been exerted in a very striking 
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manner, the whole of the cartilaginous parts being frequently replaced by pyrites ; 
and in other cases, as the fossilized crabs, where the animal matter contained 
within the shell has exuded slowly from the body, we trace its influence upon the 
surrounding matrix which had been impregnated with it; for in all the masses of 
indurated clay containing such remains, the hardness increases in proportion as we 
approximate to the body of the animal. ‘The same law is also very happily illus- 
trated by the state in which we usually find the remains of Belemnites in the lias 
shale of the Yorkshire coast ; the anterior portion of the Belemnite being gene- 
rally free from pyritical remains, while the alveolus is enveloped by a mass of in- 
durated clay, which is universally found to become harder and more pyritical as 
we cut down towards the body of the animal. . 

Numerous other cases might be cited to illustrate the importance of the presence 
of the animal matter in the formation of the fossil, and to prove that it is to this 
agent more than to the presence of the mineral substances in the original body, that 
we are indebted for the preservation of these interesting remains of the former 
inhabitants of the earth. 
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XVIII.—Notes on a small Patch of Silurian Rocks to the West of Abergele, 
on the Northern Coast of Denbighshire ; visited 18th and 19th July, 1837. 


By JOHN EDDOWES BOWMAN, Esa., F.L.S. 


Communicated by R. I. MURCHISON, Esa., V.P.G.S. 
[Read April 25, 1838. ] 


Section from Llandulas, three miles west of Abergele, on the north coast of Denbighshire, to Garthewin, distance neatly 
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a Blue slate, with shells and Encrinites. e Red marl, with pebbles. 
6 Fine blue clay. Ff Green micaceous sandstone. 
e Arenaceous limestone. g Carboniferous limestone. 


d Arenaceous red conglomerate. 


MY attention was first directed to this locality by Mr. John Price, of the New 
College, Bristol, who had discovered it during his temporary residence at Llysfaen. 
It lies immediately to the south of the narrow belt of carboniferous limestone which 
skirts the coast from the Great Orme’s Head near Conway, as far as the Point of 
Air and the Estuary of the Dee eastwards ; and a little to the west of the brook 
Dulas, which discharges itself into the sea at Llandulas, about three miles west 
of Abergele. The belt of limestone is not here above a mile broad, and the dip 
of its strata is N. or N.E. Its southern limit (and also a great transverse rent 
through which the Dulas passes) shows the bold mural precipices so characteristic 
of this formation. Near the base of the precipices at Craig y Forwyn are a seam of 
2c2 
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impure coal about a foot thick, and a thinner layer of bituminous shale with car- 
bonized impressions of fine branches of Lepidodendron (?) and a leaf-like Poacites. I 
found also asmall head of a species of Encrinite. Immediately under the limestone, 
at the foot of these precipices, is a thin seam of rounded pebbles of a greenish, 
slightly micaceous sandstone, containing a few bivalves and joints of Encrinites im- 
bedded in a light loamy earth, and resting upon a thin bed of the same greenish 
sandstone (see f, woodcut). This pebble bed was in situ, and I afterwards saw it 
in situ also, and under the limestone, in several places on the north side of the cal- 
careous formation ascending from the shore of Llandrillo Bay to Colwyn on the Holy- 
head road, but in these places the pebbles were often six, eight, and even twelve 
inches in diameter. Proceeding south ora little west of south from Craig y Forwyn, 
in the line of the section, [ came upon a thick stratum of red marl (e, woodcut), in 
which are imbedded very numerous angular and water-worn pebbles, both of red and 
blue sandstone, the red most abundant, and of a liver-colour, compact, and mica- 
ceous, and imbedding many species of bivalves, apparently like those in the Lud- 
low rock. This marl forms the soil to the head of, and a considerable way down, 
Ffernant dingle, through which a little rill runs from north to south, and has hol- 
lowed out the banks so as to show a very good section. These pebbles are likewise 
found in the neighbouring fields, often attaining the dimensions of large boulders ; 
also on the top of the limestone precipices, and beyond them on the beach below. 
In following the rill down Ffernant dingle, this bed varies in its characters into a 
compact marl or soft rock, and to a marly conglomerate, and is sometimes vari- 
egated with greenish and yellowish specks, but it has a pretty uniform dip to the 
north, at a considerable angle. From the extent of surface it covers, it is probably 
of considerable thickness. Underneath, or perhaps what is more properly its 
lower portion, is a compact arenaceous conglomerate (d, woodcut), forming a hard 
rock, and containing pebbles of liver-coloured and green, micaceous, shelly sand- 
stone, more or less rounded; in some places mostly of small size, but in others much 
larger and coarser. In an adjoining wall I saw several boulders of this conglomerate 
more compact, and some quartzose and even jaspery, strongly resembling the rock 
near the Menai bridge and also one near Caernarvon. Still following the rill, 
this conglomerate is found lower down, resting on thin beds of compact reddish 
limestone (c, woodcut), containing few organic remains, and some irregularly-shaped 
flattened nodules. Pieces of this limestone are imbedded in the arenaceous conglo- 
merate, and in one of them I observed a broken Euomphalus. The limestone is 
often so arenaceous as to become a calcareous sandstone, and sometimes it is as 
smooth and compact as the rock called Flummery-stone, which I have seen at 
Llanymynech, and at Coed Marchan in the Vale of Clwyd. 

Near the lower end of the dingle, and just above a level on the right or west 
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bank, where a trial for copper is now carrying on, this limestone rests on a bed of 
very fine blue loamy clay (b, woodcut), which in its turn rests upon a blue clay- 
slate (a). At this spot is the fault represented in the section. 

On the north side of the fault the dip of the strata is a little east of north, and 
at an angle of about thirty degrees with the horizon, which is conformable with the 
general inclination of the limestone ; but on the south side the dip is south-west, 
and at a much less angle. In the trial level, and also in the lower portion of the 
dingle southwards, nothing is seen but the hard blue clay-slate, fine-grained and 
slightly micaceous, and containing, in the planes of stratification, here and there, a 
layer of small shells and obscure marks of vertical cleavage, similar to that which I 
have found in a coarser and harder clay-slate in the quarries of Nantglyn and Cyffyl- 
liog on the high plateau between the rivers Clwyd and Conway, and fifteen to twenty 
miles south-east of the present locality. I saw here none of the cleavage lines, some- 
times straight, sometimes curved, which I observed on the flagstones at the above 
quarries. These lines are merely superficial, and are only observed by their mica- 
ceous or nacreous lustre. The transverse striz on the large Orthoceras are very 
seldom found in the coarse flags at Nantglyn ; the medial longitudinal line is a 
depression ; the specimens, which taper abruptly about the middle, are from two to 
eight inches long and two inches across at the broad end. 

The rill in Ffernant dingle discharges itself into Melin y Person brook, which 
runs eastward into the Dulas. The red marly conglomerate is succeeded on the 
south by a light greyish brown alluvium with blue slate pebbles, forming the sur- 
face south from Melin y Person brook. I then entered upon the slate or schistose 
rocks, which rise above the pretty village of Bettws Abergele on the south, show- 
ing great contortions and a nearly perpendicular stratification (as distinguished 
from cleavage) ; but a little further south the beds are variously inclined, both as 
to angle and the direction of the dip, showing considerable disruptive forces, ap- 
parently operating at different periods. On the height, to the left or east of the 
road, is a very hard fine-grained greywacke rock, enclosing detached joints of 
small Crinoidea. It has a cleavage sometimes approaching to columnar, like that 
of many traps or green-stones, separating the mass into large triangular or wedge- 
shaped pieces. Still further south, in a quarry on the right, the greywacke again 
occurs, and, in addition to this cleavage, it shows a distinct parallel stratification 
with a considerable dip to the south-east. The beds are each three to four feet 
thick, and above or upon them rest four other thin seams of the same, each from 
nine inches to a foot thick, alternating with seams of breccia of about equal thick- 
ness. The paste of the breccia is the same greywacke just described, with minute 
encrinital joints and other organic remains ; while the imbedded material is a 
dark glossy clay-slate, mostly in angular fragments, and without any fossils. 
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A little south of this quarry, on the road from Bettws Abergele to Garthewin and 
Llanfair Tallhaiarn, the blue clay-slate (not fissile) again occurs; and in the heaps 
cut away to form the road I found abundance of fragments of small Encrinites, 
spiral univalves, bivalves, etc. They seemed to lie in layers, and are much decom- 
posed from exposure, the spaces they have occupied being coated with a dark 
brown dust. Going down to Garthewin, the stratification is thinner and better 
defined, the dip about forty degrees to the north, and the rock decomposes into 
long thin splinters, but I saw no fossils. 

Garthewin surprises the stranger by the secluded beauty of its situation among 
wooded slopes and bright green pastures. In adjoining walls I observed the taper- 
ing fossil (Orthoceras ?), already noticed as seen at Nantglyn, etc. From Garthe- 
win (my most southern point) I turned east to the little village of Llanfair Tall- 
haiarn, etc., then north to some levels where an adventure for lead-ore is now 
carrying on, called Bronhaylog Upper and Lower Levels. In heaps of the excavated 
blue slate I found, chiefly in layers, abundance of joints and broken stems of small 
Encrimtes and minute shells and other fossils, in general exceedingly sharp and 
clear and quite free from oxidation. They had not lain many days on the surface. 
Among them I saw a few indistinct Orthocera like those found in the blue slate of 
Ffernant dingle and near Bettws, Abergele, and at other localities. 


List of Fossils determined by Mr. James de Carle Sowerby, F.L.S., with the geological 


positions assigned to the same species in the Silurian Series in Mr. Murchison’s work. 


Species 1 to 4 were obtained from the red and green sandstones, e and f of section, p. 195 ; and the remainder from 
the blue clay-slate, a. 


. Terebratula nucula ...... Silurian System.} Pl. V. f. 20. | Old Red.|Upper Ludlow./Aymestry Limest.|Lower Ludlow. 
pulchra ... Ibid. —— f. 21. |...c0ce000. Ibid. 
—- navicula ... Ibid. —— f.17. |o.eccreeeee Ibid Ibid 
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XIX.—A Description of some of the Soft Parts, with the Integument, of the 
Hind-fin of the Ichthyosaurus, mdicating the Shape of the Fin when 
recent. 


By RICHARD OWEN, Esa., F.R.S., F.G.S., etc. 
[Read December 4, 1839.} 


Puate XX. 


HITHERTO the exact shape and the nature of the soft parts of the paddles of 
the Ichthyosaurus have been matters of conjecture ; the bony framework of these 
locomotive organs has alone been the subject of direct observation. But this part 
of the skeleton presents a striking deviation from the Reptilian and Mammalian 
types, inasmuch as in all existing air-breathing Vertebrates the number of digits of 
a locomotive member never exceeds five ; while in the fore-fins of the Ichthyosaurus 
communis they are at least seven, of which some are bifurcated, and all consist of 
an extraordinary number of phalanges*. And, therefore, notwithstanding that the 
shape of these digital ossicles, their breadth and flatness and their large size, as 
compared with the joints of the fin-rays of Fishes, clearly indicate that the paddles 
of the Ichthyosaurus were enveloped in a smooth integument, the inference that the 
integument, as in the paddles of the Turtle and Porpoise, had no other support 
than was afforded by the bones and ligaments within, is less conclusive; and any 
direct evidence of the nature of the more perishable parts of the fin of the Ichthy- 
osaur becomes peculiarly acceptable, when we attach due weight to the approxi- 
mation to the Ichthyic structure made by the more enduring parts. 

Sir Philip Grey Egerton, while examining a collection of Ichthyosaurian remains 
in the possession of Mr. Lee, of Barrow-on-Soar, with the same happy penetration 
which has already brought to light some of the most obscure and interesting points 
in the structure of the vertebral column of the Ichthyosaurus, detected the traces 


* There are upwards of two hundred phalangeal ossicles, besides the eight metacarpals, in the fore-fin 
of the Ichthyosaurus communis. 
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of the soft parts of the fin in the slab of lias containing the mutilated paddle of the 
Ichthyosaurus here described. 

It appears to be the posterior fin of the Ich. communis ; the impressions and frac- 
tured portions of the two middle series of phalangeal ossicles are nearly complete, 
and there are the terminal portions of the two outer rows, making six digits in all. 
The impression, and a thin layer of the dark, carbonized integument of the terminal 
half of the fin, are most distinctly preserved and exposed on the fractured surface 
of the lias matrix. The contour of the extremity of the fin is thus clearly defined ; 
and is accurately represented in the subjoined figure, Pl. XX. The anterior 
margin is formed by a smooth, unbroken, well-defined line, and appears to have 
been merely a duplicature of the integument ; but the whole of the posterior mar- 
gin exhibits the remains and impressions of a series of rays by which the fold of 
integument has been supported. Immediately posterior to the digital ossicles 
there is a band of carbonaceous matter varying from two to four lines in breadth, 
and extending in an obtuse, pointed form for an inch and a half beyond the di- 
gital ossicles ; this I take to be the remains of the dense ligamentous matter which 
immediately invested the bones of the paddle ; its fibrous structure is distinctly 
displayed. The rays, above mentioned, are continued from the posterior edge 
of this carbonized ligamentous matter, in which their bases appear to have been 
implanted: they extend, with a slight curve, obliquely downwards to the edge of 
the tegumentary impression; the upper rays are directed more transversely, 
but they gradually lie more in the direction of the axis of the fin as they approach 
its termination ; the most interesting feature in these rays is, that they bifurcate 
as they approach the edge of the fin, the two branches diverging in a very 
slight degree, and thus repeating, as it were, the character of the digits themselves. 
From the rarity of their preservation, and their appearance and co-existence in 
the present instance with remains of the integument, it is evident that they were 
not osseous, but probably either cartilaginous or of that albuminous horn-like 
tissue of which the marginal rays consist in the fins of the Sharks and other Pla- 
giostomous Fishes. Besides the impressions of the posterior marginal rays, there 
are others of not less interest in the present specimen : there is a series of raised 
transverse lines, crossing the whole of the fin at intervals of about one-eighth of 
an inch, having a very slight curve, with the concavity towards the end of the fin. 
As it is the inner surface of the integument which is exposed to view,—the opposite 
side of the paddle to that which is imbedded in the lias having, with portions of 
the digital ossicles, been broken away ,—these fine transverse, raised lines probably 
indicate corresponding impressions on the exposed surface of the integument, and 
from their regularity I conclude that there was a division of the rigid integument 
into scutiform compartments analogous to those on the paddle of the Turtle and 
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webbed foot of the Crocodile, but differing in the absence of subdivision by second- 
ary longitudinal impressions. 

The known structure of the skeleton of the Ichthyosaurus admits of no doubt as 
to its being essentially an air-breathing, cold-blooded vertebrate animal, and con- 
sequently a reptile ; the scutiform character of the integument covering the fin is 
therefore in harmony with the osseous structure. It might have been expected, 
a@ priori, that the skin, which, with its appendages, gives a character to the great 
primary groups of Vertebrata, and, as it were, reflects with more or less clearness 
their internal organization, should, in the extinct reptiles of the sea, exhibit some 
of the characters of the integument of existing reptiles *. 

The other new facts which the present most interesting specimen has brought to 
light, equally accord with the indications of the natural affinities of the Ichthyosauri 
afforded by its more enduring remains. All the deviations from the Reptilian 
structure of the skeleton tend to the type of Fishes, and not to that of the Cetaceous 
Mammalia ; this tendency has always been recognized in the well-known bicon- 
cave structure of the vertebre ; but in addition to this Ichthyic structure, the great 
number and the bifurcation of the digital bony rays of the fins, the great develop- 
ment of the cervical ribs, the enormous size of the intermaxillary bones, which sup- 
port nearly the whole of the teeth of the upper jaw, the filling up of the cavities 
of the conical teeth by a coarse ossification of the remaining dental pulp, and the 
large size of the orbits and eyes,—all these particulars bespeak the close approach 
of the Ichthyosauri to the class of Fishes, and prepare us to receive with less sur- 
prise the evidence of a Malacopterygian structure of the fin afforded by the presence 
of a series of soft bifurcate rays in the posterior fold of the natatory integument. 


* Evidences of the structure of the integument of the Ichthyosaurus have not escaped the observation 
of Dr. Buckland, who has particularly described it in a portion which corresponded with the interspaces 
of the sterno-costal bones, preserved, as in the present instance, in a specimen from the lias of Barrow- 
on-Soar. As might have been expected, the scutiform structure is not exhibited in the integuments 
covering the under surface of the body, but the epidermis here exhibits a fine wrinkled structure—— 
See Bridgewater Treatise, vol. ii. p. 22. 7 
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XX.—Description of the Fossil Remains of a Mammal (Hyracotherium 
leporinum) and of a Bird (Lithornis vulturinus) from the London Clay. 


By RICHARD OWEN, Esa., F.R.S., F.G.S., etc. 
[Read December 18, 1839.] 
Pirate XXI. 


UNTIL the present year, the remains of the highest organized animals which were 
known to exist in the marine Eocene deposit called the London Clay, were those 
of Reptiles and Fishes ; and the danger of founding conclusions in Paleontology 
from negative evidence was, perhaps, never more strikingly illustrated than by the 
fact, that the first scientifically determined relic of a warm-blooded animal from that 
formation proved to belong not only to the Mammiferous class, but to the highest 
order of that class, if Man be excepted. Besides the remains of the Quadrumanous 
species just alluded to, there have since been discovered the teeth of Cheiroptera, 
of Plantigrade and Digitigrade Carnivora, and of a species probably belonging to 
the Marsupial order*. These most interesting fossils have been disinterred from 
the London clay, underlying the coralline crag, near Kyson in Suffolk. 

I now propose to describe a fossil indicative of a new and extinct genus of the 
Pachydermal order, and the remains of a bird, both from the London clay at the 
estuary of the Thames; the latter fossils being the first of their class which have 
been discovered in this member of the Eocene tertiary deposits. 

The Pachydermal fossil consists of a small mutilated cranium, about the size of 
that of a Hare, containing the molar teeth of the upper jaw nearly perfect and the 
sockets of the canines. 

It was discovered in the cliffs of Studd Hill, about a mile to the west of Herne 
Bay, and was submitted to my examination by William Richardson, Esq., by whom 
it has since been presented to the Museum of the Royal College of Surgeons.t 

* Annals of Natural History, Nov. 1839. 


+ For an account of the discovery of the Hyracotherium and a description of the beds near Herne 
Bay, see Mr.. Richardson’s paper, postea, p. 211. 
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The molars are seven in number on each side, and resemble more nearly those 
of the Cheropotamus than the molars of any other known genus of existing or ex- 
tinct Mammalia. They consist of four spurious molars (premolares) and three 
true molars (molares), Pl. XXI. 

The first and second spurious molars, counting from before backwards, have 
simple subcompressed crowns, surmounted by a single median conical cusp with 
a small anterior and posterior tubercle at the outer side, and a ridge along the 
inner side of its base: they are separated from each other by an interspace nearly 
equal to the antero-posterior diameter of the first molar, which measures two lines 
and a half. The second and the remaining molars are in close juxtaposition. The 
third and fourth false molars present a sudden increase of size and of complexity 
of the grinding surface, with a corresponding change of form. The plane or trans- 
verse section of the crown is subtriangular with the base outwards and nearly 
straight, the apex inwards and a little forwards, rounded off, to which the anterior 
and posterior sides converge in curved lines ; the grinding surface supports three 
principal tubercles or cusps, two on the outer and one on the inner side : there are 
two smaller elevations, with a depression on the summit of each, situated in the 
middle of the crown, and the whole is surrounded with a ridge, which is developed 
into a small cusp at the anterior and external angle of the tooth. These teeth 
form the principal difference between the dentition of the present genus and that 
of the Cheropotamus, in which the corresponding false molars are relatively smaller 
and of a simpler construction, having only a single external pyramidal cusp, with 
an internal transverse ridge or talon at its base. The true molars, three in num- 
ber on each side, closely correspond in structure with those of the Cheropotamus. 
They present four principal conical tubercles, situated at near the four angles of 
the quadrilateral grinding surface. Each transverse pair of tubercles is connected 
at the anterior part of their base by a ridge, which is raised midway into a smaller 
conical tubercle with an excavated apex. The crown of the tooth is surrounded 
by a well-marked ridge, which is developed, as in the third and fourth false molars, 
into a sharp-pointed cusp at the anterior and external angle of the tooth. The 
hindmost molar is more contracted posteriorly, and its quadrilateral figure less 
regular than the two preceding molars. 

The sockets of the canines or tusks indicate that these teeth were relatively as 
large as in the Peccari ; and that they were directed downwards as in that species, 
and as most probably also in the Cheropotamus. The temporal muscles were as 
well-developed as in the Peccari, the depressed surface for their attachment ex- 
tending on each side of the cranium as far as the sagittal suture. 

The frontal bones are divided by a continuation of the sagittal suture. The na- 
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sal suture runs transversely across the cranium parallel with the anterior boundary 
of the orbits. 

The lacrymal bone reaches a very little way upon the face. The external angle 
of the base of the nasal bone, which is of considerable breadth, joins the lacry- 
mal, and separates the superior maxillary from the frontal bone. 

The anterior margin of the malar bone encroaches a little way upon the face at 
the anterior boundary of the orbit. 

The external aperture of the sub-orbital canal is situated about three-fourths of 
an inch from the anterior boundary of the orbit. 

The under surface of the palatal processes of the maxillary bones is rugose, as 
in the Peccari; the portion of the skull, including the intermaxillary bones and 
the incisive teeth, is unluckily broken off and lost. 

That the eye was full and large, is indicated by the size of the optic foramen and 
the capacity of the orbit, the vertical diameter of which equals one inch. 

_ The upper part of the cranium, anterior to the sagittal suture, is slightly convex 
from side to side, its longitudinal contour is nearly straight. The face gradually 
becomes narrower anteriorly ; it is slightly concave at the sides. 

_ The general form of the skull was probably intermediate in character between 
that of the Hog and the Hyrax. The large size of the eye must have given to the 
physiognomy of the living animal a resemblance to that of the Hare and other 
timid Rodentia. 

Without intending to imply that the present small extinct Pachyderm was more 
closely allied to the Hyraz than as being a member of the same order, and similar 
in size, I propose to call the new genus which it unquestionably indicates, Hyra- 
cotherium, with the specific name leporinum. 

The indications which the present fossil has yielded of the generic characters 
and form of the Hyracotherium are the more interesting on account of the absence 
of similar information regarding the equally rare extinct Eocene genus Cheropota- 
mus, with which it is most closely allied. 

The resemblance of the molar division of the dental system in the Hyracothe- 
rium and Cheropotamus is sufficiently close to warrant the conclusion, that their 
canines and incisors, if not precisely similar, would differ only in form and pro- 
portion. Hence we may venture to remove, analogically, some of the uncertainty 
which still attaches itself to the dental characters of the Cheropotamus. 

*« Avoit il en haut une canine comme en bas?” asks Cuvier, in his account of 
the fragments of jaws on which he founded the genus. Their presence in the pre- 
sent fossil warrants an affirmative reply being given to this question. With respect 
to the incisor teeth, these, together with the ossa intermazillaria, are wanting in 
the present specimen ; and they have not yet been found in any of the fragments 
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of the extremely rare Pachydermal genus Cheropotamus, to which the Hyracothe:- 
rium bears the closest affinity. 


Pl. XXI. Fig. 1 to 4. 


Fig. 1. View of the palatal surface of the skull and of the grinding surface of the molar teeth of the 
Hyracotherium leporinum, natural size. 
Fig. 2. View of the upper or coronal surface of the same. 
Fig. 3. Side view of the same. 
Fig. 4. The series of molar teeth, with the socket of the canine of the right side of the upper jaw, mag- 
nified two diameters. 


Ornitholite. (Lithornis vulturinus, Pl. XXI. Fig. 5 and 6.) 


The evidence of the coexistence of Birds with Mammals in the English Eocene 
tertiary formations rests upon two Ornitholites, including the most characteristic 
parts of the skeleton of a bird, viz. the sternum and sacrum ; both these fossils 
are from the London clay at Sheppey. The first forms part of the extensive col- 
lection of organic remains which the celebrated John Hunter left at his decease, 
and I have availed myself of the permission granted me by the Museum Committee 
of the Royal College of Surgeons to describe it in connexion with the Mammalian 
fossil from the same formation already adduced in the present paper. 

The second Ornitholite, consisting of the sacrum and part of the coccyx, is from 
the museum of Mr. Bowerbank, which is well known to be peculiarly rich in 
Sheppey fossils. 

The Hunterian fossil (Fig. 5, 6.) includes the sternum nearly entire, the proximal 
ends of the coracoid bones, a dorsal vertebra, the distal end of the left femur, the 
proximal end of the corresponding tibia, and a few less characteristic fragments of 
ribs ; all these bones are cemented together by the grey indurated clay which is ge- 
nerally more or less attached to the Sheppey fossils. A single glance at this cha- 
racteristic specimen is sufficient to assure the comparative anatomist of the class 
of animals to which it belongs. The next question that arises is, to which of the 
three great primary groups of Birds the fossil is to be referred ? Whether to the 
aquatic, the terrestrial, or the aerial birds of the philosophical ornithologist, 
Nitzsch ? 

The length of the sternum and the remains of the primary intermuscular crest 
or keel forbid a reference of the fossil to the Struthious or strictly terrestrial order, 
but at the same time do not prove so decidedly, as might be supposed, that the 
fossil must have belonged to a bird of flight. 

The Penguins and other Brachyptera, having need of muscular forces to work 
the wings as paddles while making their way under water, almost equal to those 
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which propel the bird of flight through the air, possess a long sternum with a well- 
developed keel. 

The coracoid bones or posterior clavicles are even less available in this question, 
as they relate much more closely to the respiratory actions than to the movements 
of the wings, and accordingly are always present and strongly developed, even in 
such birds as the Apteryz, in which the wings are reduced to their feeblest rudi- 
ments. 

In the present fossil, however, the lateral extent and convexity of the sternal 
plate, the presence and course of the secondary intermuscular ridges, the com- 
mencement of the keel a little way behind the anterior margin of the sternum, all 
prove the fossil to have no affinity with the Brachypterous family. 

There then remain for comparison the ordinary birds of flight, and of these our 
native species, which resemble the fossil in size, are the first to claim attention. 
It would have been by no means difficult to have assigned its natural family to the 
Eocene Bird, if we had possessed the sternum entire or with its characteristic 
posterior margin, but this part is unfortunately wanting in the fossil. Sufficient, 
however, of the bone remains to enable us to set aside the Gallinaceous and those 
Grallatorial and Passerine birds which have deeply incised sternums ; and the field 
of comparison is thus restricted to such species as have the sternum either entire 
or with shallow posterior emarginations. Between the fossil and the corresponding 
part of the skeleton of such birds it became requisite to institute a close compa- 
rison in regard to many minor details and modifications, as, for example, the se- 
condary muscular impressions and ridges on the flat surface of the sternum ; its 
costal margin and anterior angle ; the form and extent of the coracoid groove ; the 
conformation of the sternal end of the coracoid bone, combined with the form and 
relative size of the preserved articular extremities of the femur and tibia. 

It is unnecessary, however, to recount all the details of these comparisons : 
suffice it to say, that after pursuing them from the Sea-gull and other aquatic species 
upwards through the Grallatorial and Passerine orders, omitting few of the species 
and none of the genera of these orders to which belong British birds approaching 
or resembling the fossil in size, the greatest number of correspondences with the 
fossil were at length detected in the skeletons of the Accipitrine species. 

The resemblance was not, however, sufficiently close to admit of the fossil being 
referred to any of the existing native genera of Raptorial birds. The breadth of 
the proximal end of the coracoid removed the fossil from the Owls (Strigide), and 
the shaft of the same bone was too slender for the Falconide ; the femur and tibia 
were likewise relatively weaker than in most of our Hawks or Buzzards. It is with 
the skeletons of the Vultures that the fossil presents the closest agreement. In the 
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small Turkey-Vulture (Cathartes aura), for example, besides the same general form 
and proportions of the bones, so far as they exist in the fossil, we have the same 
degree of development, and the same direction of the intermuscular ridge on the 
under surface of the sternum, which divides the origins of the great and second 
pectoral muscles. The outer angle of the proximal end of the coracoid is produced 
in the same degree and form, and a similar intermuscular ridge is present on the 
anterior and towards the outer part of the coracoid. The preserved extremities of 
the femur and tibia have the same conformation and relative size in the fossil as in 
the existing Cathartes. In this genus, nevertheless, there is a deeper depression 
on the outer surface of the sternum, external to the coracoid groove, than in the 
fossil, but this difference is less marked in some of the larger Vulturide. The fossil, 
moreover, indicates a smaller species of Vulturine birds than is known to exist in 
the present day, and probably belonged to a distinct subgenus. __ 

The professed ornithologist may receive with reasonable hesitation a determina- 
tion of the family affinities of an Ornithic fossil arrived at in the absence of the 
usual characters afforded by the beak and feet; but the comparisons instituted 
in reference to the present fossil have established so many unexpected points of 
difference and resemblance, as to embolden me confidently to anticipate, in the _ 
event of the subsequent discovery of the cranium and mandibles, the bones of the 
extremities, or the entire sternum, that they will establish the conclusion that the 
Sheppey Ornitholite is referable to a member of the group of Accipitrine Scaven- 
gers which are so abundant in the warmer latitudes of the present world. 

The Ornitholite in the museum of Mr. Bowerbank consists of. ten sacral vertebre 
anchylosed together, as is usual in Birds, with a continuous, keel-like, spinal ridge ; 
four of these confluent vertebre are analogous to the lumbar vertebrz in the Mam- 
malia, and they are succeeded by five others, in which, as in the Vultures, the in- 
ferior transverse processes are not developed; this character is, however, by no 
means peculiar to the Vultwride. The part preserved in the fossil, though emi- | 
nently characteristic of the class of birds, is not one which is calculated to throw 
light on.the closer affinities of the species to which it belongs. 

For the species of Vultwride indicated by the above-described fossils, the name 
of Lithornis vulturinus may be provisionally given. 


Pl. XXI. 


Fig. 5. Front. view of the Hunterian Ornitholite. 
Fig. 6. Side view of the same, of the natural size. 
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XXI.—Description of some Ophidiolites (Palzophis toliapicus) from the 
London Clay at Sheppey, indicative of an extinct species of Serpent. 


By RICHARD OWEN, Esa., F.R.S., F.G.S. 


PLATE XXII. 


WHILST recording the evidences of the warm-blooded Vertebrates which have 
been found in the London Clay, I take the opportunity of describing some fossils 
from the same formation, referable to an order of reptiles which appears to have 
been very sparingly represented in the fauna of former periods of the history of the 
earth. 

Vertebre joined enarthrodially by a deep anterior transversely oblong cup and a 
corresponding prominent posterior ball, and further articulated by two projecting 
posterior flat oblique processes wedged like the carpenter’s tenon into a mortice 
excavated in the anterior oblique processes of the succeeding vertebra ; supporting, 
moreover, on either side of the fore-part of the body, an oblong convexity for the 
moveable articulation of the rib, belong unequivocally to a reptile of the Ophidian 
order. 

A group of about thirty vertebre of this description, with a number of long and 
slender ribs, having expanded concave vertebral extremities, cemented irregularly 
together by a mass of indurated clay, forms part of the choice collection of fossils 
left by John Hunter, and now in the Museum of the Royal College of Surgeons, 
London *. 

A portion of the spinal column of apparently the same species of Serpent, mea- 
suring eighteen inches in length, and including twenty-eight vertebre ; a smaller 
group of seven vertebre, and a few detached ones, are contained in the museum of 
Mr. Bowerbank. 

All these specimens are from the Isle of Sheppey. 

The vertebre in each specimen present the same conformation and nearly the 
same size : they are as large as those of a Boa Constrictor ten feet in length. They 
belong to the ordinary dorsal or costal series, but differ from the vertebra of both 
Boa and Python in their superior length, as compared with their breadth and 


* This specimen is here described and figured by permission of the Museum Committee of the Royal 
College of Surgeons. 
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height. The ridge continued from the lower anterior to the lower posterior oblique 
processes on each side is less developed in the fossil Ophidian. The oblique pro- 
cesses themselves do not extend so far outwards; and the spinous process is nar- 
rower in its antero-posterior extent, but longer. 

In the first two of the above-mentioned differences the fossil agrees with the 
Linnzan genus Coluber and its subgenera, but differs from the Crotalus ; in the re- 
maining points it differs from Crotalus, Coluber, Najia, and Trigonocephalus. The 
long and comparatively narrow spine, the outward and backward prolongation of 
the upper angle of the posterior oblique processes, the uniform convexity of the 
costal protuberance, the uneven or finely-wrinkled external surface of the superior 
arch of the vertebra, are characters which distinguish the present Ophidian vertebre 
from those of any other genus of the order with which I have been able to compare 
them ; and I therefore propose to designate the species provisionally by the name 
of Palgophis toliapicus. 

The ribs, as in all land-serpents, are hollow. 

In some respects, as the configuration of the under surface of the body of the 
vertebrz and in the anterior tubercle upon this surface, the fossils agree with the 
Boe and Pythons more nearly than with the Colubri, in which the under surface 
of the abdominal vertebre are traversed by a median longitudinal ridge; and in 
none of the differences above noted can there be inferred any obstacle to the prac- 
tice of the same arts of entrapping and modes of destroying a living and strug- 
gling prey. 

The largest of these Ophidiolites in Mr. Bowerbank’s collection exhibits a por- 
tion of the vertebral column suddenly bent upon itself, and indicating the usual 
lateral flexibility of the spine. 

If we may suppose the species to have had the same number of vertebrz as the 
existing Boas, it must have exceeded eleven feet in length, and such dimensions 
would indicate that the species was not provided with poison-fangs. Serpents, of 
these dimensions, exist in the present day only in warm or tropical regions, and 
their food is by no means restricted to animals of the cold-blooded classes. The 
remains of Birds and Mammalia are those which are most commonly found in the 
alimentary canal of such as are brought to this country dead; and living birds or 
quadrupeds also constitute the favourite food of the Pythons and Boas, of similar 
dimensions, which are exhibited in our menageries. If, therefore, there had not 
been obtained direct evidence of both Birds and Mammals in the London clay, I 
should have felt persuaded that they must have coexisted with Serpents of such 
dimensions as the species of which the dorsal vertebra and ribs are here described. 
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XXII.— Observations on the Locality of the Hyracotherium. 


By WILLIAM RICHARDSON, Esqa., M.A., F.G.S. 


[Read December 18th, 1839. ] 


IN the year 1829, when I first became acquainted with that portion of the London 
clay formation which extends on the northern coast of Kent from Whitstable to 
Herne Bay, it presented, with exceptions too unimportant for notice, one uniform 
lithological aspect. The cliffs or escarpments on this line of coast, proceeding 
from Herne Bay westward, are Hampton Cliff, Studd Hill, Swale Cliff, or rather 
cliffs, for there are many, and Tankerton Cliff. Hampton Cliff attains an eleva- 
tion of 100 feet, Studd Hill of fifty feet, and the Swale Cliffs average a similar alti- 
tude ; while Tankerton Cliff, with its undulating outline, terminating at Whitstable, is 
about sixty feet in height. These several cliffs, in the year 1829, could be at once 
identified as members of the London clay, as well by their mineral aspect as by 
their organic contents. They were capped with vegetable mould to the extent of 
one or two feet ; beneath which were three or four feet of yellow marl or brick 
earth, containing rolled and angular flints, numerous mammalian remains, and 
fossils derived from secondary strata. The flints and fossils were confined to the 
upper portion of this bed, and the marl to the lower. To this marl succeeded, 
in the descending order, the London clay, consisting of a dark brown incohe- 
rent rock, abounding in septaria, selenite and wood, completely pyritized. The 
fossil contents of the clay were also similar, or nearly so, in these several cliffs, 
consisting of the teeth and vertebre of fish, nautili, and other marine testacea 
characteristic of the London clay, encrinal and pentacrinal stems, and the usual 
crustaceous remains. In none, however, did I ever discover a solitary fragment of 
the reptiles which have rendered the neighbouring cliffs of Sheppey so celebrated. 
At the period of which I am writing, 1829, with the exception of slender frag- 
ments of the trunks and branches of trees, fossils of the vegetable kingdom were 
rare. 

Such was the condition, lithological and fossil, of these cliffs in the year 1829, 
and such, with the exception of Studd Hill, are the characters which for the most 
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part still prevail. If there be variations in the conditions of Hampton Cliff, Swale 
Cliff, and Tankerton Cliff, they consist in the quantity and not in the characters 
of the mineral and organic contents. 

The whole of this line of coast is exposed to rapid degradation, from the encroach- 
ment of the sea, and from the influence of land-springs, the former undermining 
the cliffs at their base, the latter loosening and ultimately detaching, in the form 
of land-slips, the upper portions. So rapid and extensive is the destruction thus 
effected, that in the spring of each year, when the agents of violence are in their 
greatest activity, many acres of ground are removed in a single week, and the whole 
physical, outline of the coast is so altered, that the visitor of the previous summer 
can with difficulty recognize the scene with which, so recently, he was familiar. 

With regard to Studd Hill, the facts disclosed by this unceasing progress of 
degradation are singular and interesting. The marine character, as respects the 
fossil contents, which, in common with the neighbouring cliffs on either side, it 
presented in the year 1829, has been gradually becoming less prominent, while the 
fluvio-marine nature of its organic remains has, as gradually, become more so. 
During my visit in the autumn of this year (1839), I could not procure from it a 
single marine shell ; the septaria had nearly disappeared ; no crustaceous remains 
were discovered ; and the only organic products which lent to the deposit the 
most distant pretensions to a marine origin, were a few fragments of encrinal and 
pentacrinal stems ; the dark brown incoherent clay had also been exchanged for a 
deep blue tenacious clay ; selenite still abounded, and with it the source of its own 
existence, sulphuret of iron. The absence, however, of marine fossils has been abun- 
dantly supplied by a prodigious increase of terrestrial vegetable remains: I have 
collected and forwarded to Mr. James Bowerbank, who is publishing the Fossil 
Flora of the London clay, more than 500 fossil vegetable cones: fruits and other 
seed-vessels are as various and as abundant as those obtained from the Sheppey 
beds, and may be procured by the bushel; while the fragments of small trees or 
underwood, converted into pyrites, are so abundant, as to be removed for ceconomi- 
cal purposes by barge-loads : the collection and sale of the pyritical wood is a source 
of considerable profit to the neighbouring peasantry. The condition in which these 
vegetable remains are found, precludes the supposition of their having been much, 
if at all, drifted, the rounded and worn appearance of many resulting from the 
action of the tide and shingle upon them, after they have been detached from the 
cliff; those which are secured at the moment of their fall, preserve the smallest 
fibres uninjured. 

No land or freshwater shells have been observed. 

Struck by the fact of this total change in the character of the organic-contents 
of Studd Hill, and notwithstanding the then unprecedented fact of mammalian 
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remains occurring in the Eocene period of the tertiary formations, I looked with 
strong expectation for the evidence of some form of animal life, whether of beast 
or bird, destined to be sustained by so rich a provision. I was justified in this 
expectation by the knowledge that nature ever directs her means, as well in num- 
ber as in fitness, to particular ends. My search was, however, fruitless until the . 
month of September last, when, continuing my pursuit, I was fortunate enough 
to find the cranium of the Hyracotherium*. 

The discovery of this Mammal, and the contemporaneous announcement of other 
mammalian remains having been obtained by Mr. Colchester from certain sand- 
_ beds at Kison near Woodbridge, and which strata are supposed to constitute a por- 
tion of the London-clay formation of that district, are facts of great geological in- 
terest. But whether the Eocene character of the Kison beds be ultimately esta- 
blished or not, the Eocene character of the Hyracotherium locality is placed beyond 
the reach of doubt. Independent of the intrinsic evidence of the locality itself, 
the associated fossils, identical with those of the neighbouring Sheppey beds, esta- 
blishes the fact ; the Sheppey beds themselves may be traced without a break to 
Studd Hill, and, with the exception of the superimposed diluvial gravel, there is 
neither above nor below the London clay at Studd Hill any portion of any other 
formation. 

The discovery of Mammifers in the London clay affords another instance of the 
fallacy of resting conclusions in natural science on negative evidence, which is, in 
fact, no evidence at all. 


[ Note. 


In a former paper on the coast-section from Whitstable in Kent to the North 
Foreland, and read April 9th, 1834, Mr. Richardson described the changes which 
this part of the coast of Kent had undergone. He stated that the point still called 
the Old Haven to the eastward of Herne Bay, retains not a single feature to justify 
the appellation. The dimensions of the Haven were, however, at one time suffi- 
cient to afford protection to fishing-vessels of sixty tons burthen, though it is now 
unable to shelter a custom-house galley drawing one foot of water. With respect 
to Herne Bay, tradition preserves the memory of an upper and a lower bay ; and 
the inhabitants residing to the westward of the new pier, erected on a shallow, 
where the horn which separated the two bays projected, are said to live in the upper 
bay ; but scarcely a vestige of either bay remains. In the same paper the author 
gave a detailed account of the structure of the London clay cliffs, a condensed 
notice of which is given by him in the above memoir on the locality of the Hyra- 


* See Mr. Owen’s description of the cranium of the Hyracotherium, ante, p. 203, et seq. 
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cotherium ; but as his previous account of the plastic clay series is not alluded to 
by him in this communication, it has been thought advisable to give the following 
abridgement. Only the sandy beds of the formation occur on this part of the 
coast. They first appear from under the London clay about three quarters of a 
mile eastward of Herne Bay, and continue to rise in an unbroken line until they 
attain the altitude of 100 feet at the Old Haven, whence they irregularly decline 
to a very low cliff, over which the sea breaks at exceedingly high tides, about one 
furlong west of the Reculver towers. From this point they again rise to the height 
of sixty feet under the towers, where the sands terminate abruptly as a cliff, form- 
ing only low land and marshes to the rise of the chalk near Birchington. 

The following sections are given of the beds near Bishopstone, and those which 
constitute the cliff on which are situated the Reculver towers. 


BISHOPSTONE: 
WPCEHDIC ROI ioleit ale nl ain nla5 51d a! ole 010 2 feet. Compact sandstone, at intervals ...... 6 feet. 
Calcareous loam, with flints.......... 3— Brown sand. 5 6's cicss ste ietetetorstsekeriete 15 — 
MeNow. san atest iate cries isis! aie b:0'< 15,0 10 — Second shelly bed ..\0 us, faeces 14— 
Shelly Dee arate mets 5 6 «bse mas 1— Dark ‘yellow sand... 02's 'eclse sole ats)= re 15 — 
Wellow pamd = 2272 £22 ac ns sts sales 12 — Brown sand. i. J .see donee nate 12 — 
Pebble ed. aces seco « 22s ees 2— Bee 


White sand, occasionally ferruginous .. 10 — 


Minute particles of broken shells occur throughout the section. 


Recutver Towers: 


Vegetable soil and decayed human remains .............. 8 feet. 

Pe OMIEAINA ET -Usteli stele tio isim ts «ss 0.c's via.00'o dose vee sen ceca 100 — 

oO Eels 0 bin bic picis alpen 6 4 ae 5s 00 es oye se 12 — 

MIB DERICCE MCW MEM eels aiiaic aes sec cc eccs as ceceseveig 03 — 

et TS RE MTU eis sisi S's o's cach 4s oe vei set vec cet ieee 12 — 
382 


Teeth and other remains of fishes are found in the sands of the formation ; also 
testacea, though generally too decomposed to be preserved for examination, but 
the author found a Trochus, a Cerithium, and a Venus. Iron pyrites are sparingly 
dispersed through the strata; and a few dark lines indicate the existence of carbo- 
naceous matter. 

The chalk rises from beneath the plastic sands at an angle of five or six degrees ; 
but the upper or flinty chalk is stated to have been removed throughout nearly the 
whole district from Birchington to Margate, the debris resulting from its destruc- 
tion being spread over the hills as well as in the valleys.—Ebrror. ] 
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XXIII.—On the Great Fault called the Horse in the Forest of Dean 
Coal- Field. 


By JOHN BUDDLE, Esa., F.G.S. 


[Read April 8th, 1840.] 


THE great fault in the Forest of Dean, called ‘‘ the Horse,” ranges in the direc- 
tion of S. 31° E. by compass, in the Coleford High Delf seam of coal. 

The term Fault is used here in conformity with the usual mining phraseology, 
which assigns that term to any interruption in the regular deposition of the seam, 
or vein of coal. The Horse, however, is not what geologists term a fault, as there 
is no accompanying dislocation of the strata. The coal is deteriorated in quality 
in some places, in others it is considerably thinner than the average height of the 
seam or vei, and in the principal part of the Horse it is altogether wanting. (See 
accompanying Section, woodcut, fig. 1.) 

It may also be observed, that the miners in Dean Forest apply the term vein to 
a stratum of coal, while this term in the north of England is applied to mineral veins 
only ; and many similar instances exist in mining districts where local terms con- 
vey an erroneous impression, either as compared with the terms used in other places 
or with the scientific language of Geology. 

That portion more particularly called the Horse has been traced by the workings 
on each side of it in Coleford High Delf seam about two miles, and its breadth 
varies as shown on the accompanying plan, from 170 to 340 yards. (See wood- 
cut, fig. 2.) The only drift or tunnel which has been carried through it, in a 
transverse direction, passes under Barn Hill enclosure, between Bixslade and 
Howler’s-slade valleys, where its width is about 200 yards. (Woodcut, fig. 1.) 

It will be seen by the accompanying Section (fig. 1.), that the upper part of 
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the seam of coal, to a considerable distance on both 
sides of it, undulates and is irregular, causing the seam 
to vary in thickness, while the pavement nearly pre- 
serves its ordinary regularity. The depressions of the 
roof, as shown in the Section, are called ‘‘ Lows ” by 
the colliers. 

The pavement is composed of the ordinary argil- 
laceous deposit which accompanies the seam all 
through the Forest Basin, and the roof is formed of 
the strong sandstone which usually reposes upon the 
Coleford High Delf seam, with the occasional interpo- 
sition between it and the coal of a thin layer of a 
black slaty substance. 

The coal under the depressions of the roof or lows 
is generally deteriorated in quality by being inter- 
mingled with particles of the sandstone of the roof; 
but it is not mixed with boulders, angular fragments, 
and gravel, as has been erroneously imagined. What 
have been understood to be boulders and gravel are 
nodules of highly indurated, ferruginous sandstone of 
various sizes, some very large, scattered irregularly 
through the thick stratum of sandstone, forming the 
roof of the Coleford High Delf seam. These nodules 
are generally of a spherical form, but some of them 
are kidney-shaped, and others are only sections or 
parts of spheres. The latter cannot be detached from 
the surrounding sandstone rock, but form part of it, 
and generally occur in the middle of the ‘“‘ pannels ”’ 
of the rock, in the solid part between the beds and 
partings or backs. 

The more perfectly formed nodules, called Yolks by 
the miners, lie in a mould formed in the rock to which 
they are attached by their ferruginous coating, but 
the surrounding and immediately adjoining parts of 
the stone are much indurated, and radiating cracks 
generally proceed from the sides of the cavities. These 
yolks occur in all parts, sometimes in the middle of 
the pannels and sometimes near the joints. 


Fig. 1.—Cross Section of the Horse Fault as passed through by the Drift C D of the Plan. 


The figures express the thickness of the coal-seam at the points beneath them. 


4 ft. Qin, ~juuuunUM 


" 


43 ft. a 
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The angular fragments found scattered in the sandstone roof of the coal are 
obliterated or imperfect casts of vegetable remains. They are of the same sort of 
sandstone as that which surrounds them, but highly indurated, as is also the 
adjoining part of the rock to some distance; but they have not the ferruginous 
appearance of the nodules, although they are equally as hard. 

It is reported that similar nodules are found in the sandstone rock between the 
Coleford High Delf and the Trenchard coal, which lies about sixty yards below. 

The sandstone which forms the roof of the coal extends to the surface and varies 
in thickness according to the undulations of the ground: at the part where the 
cross-section of the Horse is given, it is about ninety-four yards in the thickest part. 


Fig. 2. 


Plan of the Horse Fault, with its collateral branches called Lows. (Scale 24 chains to an inch.) 


Some portions of the roof in the Horse and Lows consist of a sandstone breccia, 
containing quartz pebbles similar to those which abound in the pudding-stone of 
the forest, also fragments of coal, ironstone, and vegetable remains. The pudding- 
stone of the Forest Basin lies between the carboniferous limestone and the old red 
sandstone, and it crops out all around the basin, attaining a considerable elevation 
in the adjoining hills, 
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The Coleford High Delf is the only seam of coal in which the Horse is clearly 
developed ; it is the twenty-third seam in the Dean Forest series in the descending 
order, and the third from the lowest. 

Whether the Horse may produce any change in the seams lying above the Cole- 
ford High Delf, can be ascertained only by the future working of those seams ; but 
from the regular and uniform nature of the pavement, and from the entire absence 
of sandstone in it, there is no reason to think that the Horse goes any lower down 
than the seam. 

On considering the various phenomena presented by this fault, and the seam of 
coal on each side of it, we may infer that it occupies the site of a lake which ex- 
isted at the period of the deposition of the High Delf seam ; and that the carbon- 
aceous matter which formed the seam was accumulated while the water was deep 
and tranquil. 

The undulations in the top of the coal on each side of the Horse, it may be pre- 
sumed, were occasioned by abrasion, when the water was discharged from the lake ; _ 
and that the Horse itself occupies the bed of the river, by which the complete 
drainage of the lake was effected, and which washed the coal entirely out. 

This is the more probable, as those undulations or lows appear to have been 
formed by smaller collateral streams and rills of water. Two of the largest, marked 
A and B, fig. 2, have been traced to a considerable extent, as shown on the Plan. 
The other Lows have been found in the workings on each side of the drift C, D, 
which is on the line of the section. 

The sandstone roof of the coal and the filling up of the rills which form the lows, 
and which are a part of the roof-stone, have been formed by subsequent deposi- 
tion, and become consolidated by pressure. 

The roof is a fine, close, granular sandstone, without ripple marks, containing only 
a few ill-defined vegetable remains, and has every appearance of tranquil deposition. 

The fall of the Horse is conformable with that of the strata, viz. S. 31° E., as 
far as it has been traced, and at the same rate ; but whether it may continue this 
conformity, and rise with the seam of coal, to its outcrop, on the S.E. side of the 
Forest Basin, has not yet been ascertained. The bed of the Horse on its transverse 
section is nearly horizontal. 

There is no indication on the surface by which the Horse can be traced, beyond 
the limit to which it has been explored in the pits. 

In its underground character this fault is similar to those washes or aqueous 
deposits in many coal districts, but it differs from them in not being under the bed 
of any river, nor in the bottom of a valley, nor does it show itself at the surface. 

In the Newcastle coal-field, all the washes which have been met with cut through, 
the whole of the strata, from the surface to that on which they repose. 
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Should subsequent workings prove that the Horse does not extend through the 
upper seams, it will be evident that the river of which the Horse had been the bed 
did not cut through the superincumbent strata, but that its period of action was 
antecedent to their deposition. 

In the workings of the Park End Colliery, in Park End High Delf seam, which 
is the thirteenth in the series, and lies about fifty fathoms above the Coleford High 
Delf, a great succession of ows has been met with in crossing the line of the Horse, 
and similar to those on each side of it, but no ‘‘ Fault” corresponding with the 
Horse itself has been discovered. (See fig. 3.) 

The part of the Forest Basin where those irregularities occur is two miles 
further to the S.E. than the point to which the Horse has been traced in the Coleford 
High Delf in Vallet’s Level. But whether those irregularities at Park End have 
any connexion with the Horse has not yet been ascertained. The workings at Park 
End are on the S.E. side of the Basin beyond its centre, where the strata rise in 
the opposite direction from the point to which the Horse has been traced. 

The full extent of the Horse in the Coleford High Delf seam, and whether it has 
affected any of the other seams, can only be ascertained by the future working of 
the coal. 

The accompanying diagram (fig. 3.) shows the relative position of the Horse 
and the Lows at Park End. 

About half a mile to the S.E. from the line of the section (see fig. 2. and fig. 3.), 
in the direction of the Horse, is an extraordinary depression of the Coleford High 
Delf seam of an oval shape, as represented by the tinted portion of the Plan, 
marked F G. The centre of this part is considered to be twenty feet deeper than 
the ordinary level of the seam round its margin ; but the coal has not yet been 
worked in it. The fact, therefore, of the Horse presenting the same phenomena 
in this depression as it does on both sides of it, is yet to be proved, which will be 
done ere long by the works now in progress. The present workings only skirt the 
margin of this small basin, which has the appearance of having been a pool in the 
bottom of the lake thus : 


Fig. 3. 


Vallet’s Level. 


Ze 
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In examining the upper seams at Park End Colliery, in the line of the Horse, 
there appears to have been some deteriorating cause, and it is a question whether 
the flowing of the river might not extend over some of those seams by virtue of 
their lower position as regards level. 

There is a bare possibility that the subsidence of the Cannop Brook Valley, if it 
was prior to the deposition of the upper seams, might occasion such a want of 
conformity in the action of the river. At all events the deterioration of the upper 
seam at Park End being exactly in the line or direction of the Horse, is a circum- 
stance which merits notice, and the investigation, if pursued, may probably throw 
much light on the history of the formation of this basin. 

The question is, did the upper seams ever extend over the site of the Horse, or 
were they only deposited in the depression where they now are? Until it is ascer- 
tained whether the Horse follows the High Delf seam of coal only, it will be dif- 
ficult to form an opinion on this question, but the mining operations of Mr. Mushet 
and others will shortly bring this to light. 


[. 9210] 


XXIV.—On the Distribution and Classification of the older or Paleozoic 


Deposits of the North of Germany and Belgium, and their comparison with 
Formations of the same age in the British Isles. 


By the Rev. ADAM SEDGWICK, F.R.S., F.GS., 
Woodwardian Professor in the University of Cambridge ; 


And RODERICK IMPEY MURCHISON, Ese., F.R.S., F.G.S., &c. 


(Followed by a Description of the Fossil Mollusca, by Viscount p’Arcuiac and M. E. pg VERNEUIL, 
Members of the Geological Society of France, &c. &c.) 


[Read May 13 and 27, 1840.] 


Puates XXIII. to XXXVIII. 


CONTENTS. 


Introduction, p. 222. Devonian rocks (continued). 


Limestones of Oberscheld, Sessa- 
PART I. . cher, &e., p. 246. 
Right bank of the Rhine, p. 228. Copper-mines of Dillenburg, p. 247. 


Carboniferous rocks of Westphalia, p. 228. Of the Lahn, p. 248. 
Coal-measures, p. 228. Schaalstein, p. 249. 
Carboniferous limestone, p. 229. Limestones, p. 250. 

Groups belowthe carboniferous system, p.235. Silurian rocks, p. 252. 

Devonian rocks, p. 235. Black slates of Wissenbach, p. 253. 
Limestone and shale of Mettmann, EI- Silurian Grauwacke, p. 256. 
berfeldt, Hagen, Iserlohn, &c., p. 235. Eruptive rocks — mines — dislocations, &c., 
Eastern prolongation of the Devonian p- 263. 
rocks to Meschede and Brilon, p. 238. BART Ik 
Calcareous rocks near Bensberg, Paff- Left bank of the Rhine, p. 267. 
rath, &e., p. 241. Carboniferous rocks of Belgium, p. 267. 
Paffrath group, p. 242. Successive groups between the coal-field of 
Gladbach group, p. 243. Liége and the Ardennes, p. 269. 
Refrath group, p. 243. Terrain anthraxifére, p. 269. 
Bensberg, p. 243. Description of the successive 
In Nassau, &c., p. 244. groups: p. 271. 


VOL. VI,—SECOND SERIES. 26 


299 Professor S—epewick and Mr. Murcuison on the 


Description of the rocks composing the Eifel, the hills a few miles north of Goslar 
banks of the Rhine, basin of the Moselle, through Rammelsberg to the granite 
&e., p. 276. of Ocker Thal, p. 290. 

The Eifel limestone, p. 276. Section from the granite of the Brocken 
Shales, red psammites, schists, &c., un- through the limestone of Elbingerode, 
der the Eifel limestone, p. 279. to the granite of the Rosstrappe on 
Older slates of the Moselle and the the Bode, p. 292. 
Rhine; formations of the Hundsriick the south-eastern extre- 
and the Taunus, p. 280. mity of the Hartz, p. 294. 
Description of the stratified rocks expanded 
PART III. from the Thuringerwald through Upper 
Structure and formations of the Hartz and Upper Franconia to the Fichtelgebirge, p. 296. 
Franconia, p. 283. Section of the Saal, p. 296. 
Hartz.—General structure, p. 283. — from Dachnitz to Saalfield, p.296. 
Age of its sedimentary deposits, p. 288. —— — of Hof, Elbersreuth, &c., p. 298. 
Section from Osterode to Clausthal, from Hof and Naila to Gerols- 
p- 288. grin, p. 299. 
——_—_—_———_ Clausthal to Griind, p. —— Gerolsgriin to Prusseck, 


288. p- 299. 
Section from N.N.W. and S.S.E. or from Conclusion, p. 301. 


Introduction. 


BEFORE we give to the Society the results of our examination of the older 
stratified rocks of the Rhenish provinces, the Hartz, and Franconia, it may be well 
to state, in a few words, the objects we had in view at the commencement of our 
labours in the early part of last summer. When we entered, during the summer of 
1836, upon an examination of the structure of North Devon, our sole aim was 
to determine the position and relations of the culmiferous strata, about which 
there had been much controversy. Before our task could be completed, we were 
led to an examination of the lower groups of strata both in North and South 
Devon, and to follow them in their prolongation into Cornwall ; and we at length 
arrived at the conclusion, that nearly all the older stratified rocks of both counties 
belonged to one epoch, and must be included under one common designation. We 
proposed the name of Devonian system for this great series of deposits, and we 
placed it in a position intermediate between the lower carboniferous and the upper 
Silurian groups; and therefore on the exact parallel of the old red sandstone, of 
which it was assumed to be the equivalent under a new mineral type*. We need 
not inform the Society that this classification was strenuously opposed at the time 
it was first brought forward, and that it has been combated in some public journals 
since the appearance of our abstracts ; nor do we now deny that it was encumbered 
with great difficulties. To believe that a limestone (like that of South Devon) 


* See Geol. Trans., vol. v. p. 633 et seq. 
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overlaid by many thousand feet of slate rocks almost devoid of fossils, was of the 
date of the old red sandstone, and that the greater part of the slates of Cornwall 
(heretofore. regarded, from their crystalline structure, as primary formations of 
great antiquity) also belonged to the same epoch, required no common confidence 
in the weight of evidence offered by groups of fossils. With good hopes, but not 
without considerable anxiety, we therefore resolved to examine some of the conti- 
nental localities which seemed likely to throw light on our proposed classification ; 
conscious that it could never meet with general acceptance unless confirmed by 
some analogous development of the upper transition rocks of France and Germany. 

We at first intended to commence our observations in Brittany, which, from 
its geographical position, might be expected to offer some analogies of structure 
with Devonshire and Cornwall. We however abandoned that intention on learn- 
ing, from the geologists of France, that the connexion between the carboniferous 
system and the inferior strata was obscurely exhibited in that region, and that the 
evidence offered by the fossils of the lower groups was meagre and unsatisfactory. 
We therefore resolved to begin with the transition rocks of the Rhenish provinces, 
knowing that on both banks of the Rhine we should be conducted through a true 
carboniferous series, based on mountain limestone, into still lower groups of strata. 
If, therefore, in the examination of these regions, we could discover a series of beds 
mineralogically and zoologically intermediate between the carboniferous and Silu- 
rian systems, then would our proposed classification be confirmed by evidence of a 
higher nature than any offered by our English sections, none of which were perfect. 
But if, on the other hand, no such intermediate series were exhibited, then would 
our Devonian system be urfsupported by that direct evidence of superposition 
which seems essential to its permanent acceptance as an HKuropean Deposit. 

Of the Belgian groups we had some knowledge, chiefly from the descriptions of 
M. D’Omalius d’Halloy and Professor Dumont ; and it appeared to us quite certain 
that the three lower members of the systeme anthraxifere (notwithstanding the 
more recent comparison of them with the Silurian system) must be exactly, or very 
nearly, the equivalents of a higher group of rocks, to which we had given the name 
Devoman. For the systéme anthrawxifere was, as its name implied, anthraxiferous ; 
its upper division was, from its fossils, the representative of our mountain lime- 
stone; and even in its lowest division there appeared (from the published lists) to 
be a few mountain limestone fossils: at the same time, we were unwilling, in the 
commencement of our labours, to encounter the peculiar difficulties of the Belgian 
sections. 

The coal-field of Dortmund and the great chain of the supposed mountain lime- 
stone, extending (as represented in the maps of Von Buch and Hoffmann) from the 
right bank of the Rhine to the confines of Hessia, seemed to offer a more inviting 
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base-line ; and we hoped to find on some part of it clear evidence of the true 
succession of the inferior groups. We approached this line, in the first instance, 
by a traverse from the neighbourhood of Frankfort ; and by a long series of other 
traverses through Nassau and the adjacent tracts of country, we endeavoured to 
connect together the great formations which are spread out between Westphalia 
and the chain of the Taunus. 

We afterwards crossed the plains of Hessia to the chain of the Hartz, portions 
of which we examined in some detail ; and anxious (before our return to the pro- 
vinces on the Rhine) to see a country which has become classical through the la- 
bours of Count Minster, we made one long traverse from the borders of the Thii- 
ringerwald to the north flank of the Fichtelgebirge. 

The results arrived at from the preceding observations may be briefly stated as 
follows :— 

1. From the great similarity of mineral structure as well as of fossils, from the common lines of 
strike and dislocation, and from many other common accidents of position, we concluded that the old 
rocks of all the above-mentioned regions belonzed to one connected series of deposits—that they all 
gave unequivocal exhibitions of a Devonian system—and that none of the subordinate groups were of 
very great antiquity. ; 

2. That the great series of rocks expanded between Westphalia and the Taunus might be subdivided 
into the following groups in a descending order :— 

(1.) A true carboniferous series, partly based on mountain limestone in its ordinary form, and partly 
on alum slate, flinty slate, and thin-bedded black limestone. 

(2.) A series of shales, slates and limestones (afterwards found to include the great limestone of West- 
phalia), containing many fossils identical with those of South Devon. 

(3.) A very large ill-defined group, with several characteristic Silurian fossils mixed with other organic 
forms unknown in England. 

(4.) Masses of slate of an older mineral type, and with few traces of fossils ; placed by us, provisionally, 
in the lowest part of the Silurian or the highest part of the Cambrian system. 


We wish to state distinctly that we came to these conclusions before we examined 
any of the provinces on the left bank of the Rhine, and that (with the exception 
of some adjustments among our lines of demarcation) we still continue to adhere to 
them. We may also add, that though we found no fossils in the chain of the 
Taunus to assist us in determining its relative age; yet were we led to conclude, 
by the consistent evidences of our sections, that it did not belong to the lowest of 
the preceding groups. But after crossing to the left bank of the Rhine we found 
fossil evidence sufficient to prove, that the chain of the Hundsriick (and conse- 
quently that the chain of the Taunus, which is a physical prolongation of the 
Hundsriick) was merely a portion of the great group above mentioned (No. 3.) ina 
highly altered and mineralized form. Our examination of the provinces on the 
left bank of the Rhine only commenced in the latter part of the summer, when we 
began with a series of traverses from the Hundsriick, through the basin of the 
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Moselle, to the calcareous formations of the Eifel. We afterwards connected the 
Eifel with the coal formation of Belgium ; and we twice crossed the chain of the 
Ardennes, continuing our traverses as far as the secondary strata which skirt its 
south-eastern flank from Meziéres to Luxemburg. 

As the general result of these observations we may state, that the successive 
descending groups or systems, between the carboniferous series of Belgium and the 
oldest rocks seen on any of the last-mentioned traverses, appeared to correspond 
very exactly with the successive groups (already noticed) on the other bank of 
the Rhine between Westphalia and the Taunus. 

In making out the succession and relative age of the older rocks within the 
limits of Belgium, we could do little more than tread in the steps of Professor 
Dumont ; whose admirable memoir on the coal-field of Liége*, and whose subse- 
quent papers explaining the structure of the great slaty region which extends from 
the coal-field of Liége to the Eifel and the Ardennes, are well known to the mem- 
bers of this Societyt. While offering our homage to that geologist for the accuracy 
of his complicated sections, and for his able determination of a succession of natu- 
ral groups of strata, we differ from him considerably, as will be seen in the sequel, 
in our mode of translating them into their British equivalents. The Society will 
bear in mind, that our leading object was to make out whether (within the country 
we examined) there was, below the carboniferous limestone, any group of rocks 
containing fossils of a type intermediate between those of the carboniferous and 
Silurian systems. The phenomena on the Westphalian frontier had led us to 
answer this question in the affirmative. But judging from the successive systems 
of Belgium, Professor Dumont had before answered it in the negative ; maintaining 
that there was in his district an immediate passage from the carboniferous to the 
Silurian system. 

In commencing observations such as those on which we were employed last 
summer, the great point is the determination of good base-lines, to which the 
ascending or descending groups may be referred in the natural sections. We at 
first thought ourselves justified in assuming that the whole of the great calcareous 
zone of Westphalia was the exact equivalent of our mountain limestone. In doing 
this we were, however, misled by the geological maps of Germany ; even by that 
of Von Dechen, which had been just published. For we afterwards found that 
there are in Westphalia two distinct calcareous zones ; the upper (of comparatively 
small extent on the published maps) representing the true mountain limestone ; 
the lower (extending from the right bank of the Rhine to Hessia) being both 


* Mémoire sur la Constitution Géologique de la Province de Liége, &c. Bruxelles, 1832. 
+ Bulletin de la Société Géologique de France, tome viii. p. 77, 1836. 
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in its structure and its fossils the perfect counterpart of the great limestone of 
South Devon. 

We also assumed on the authority of the best geologists who had recently 
visited the country, that the Eifel limestone was the exact equivalent of the 
Wenlock limestone of the Silurian system. Hence we were led also to con- 
clude, before we examined this deposit, that it must form a saddle, rising from 
under rocks which we had regarded as Devonian or upper Silurian. The ex- 
treme perplexity of the Rhenish sections, and the entire reversal of the forma- 
tions in the neighbourhood of Minster Eifel (where we first saw the limestone) 
confirmed us in this error*. But we soon afterwards found that the Eifel 
limestone formed an undoubted trough reposing on the system of beds before 
alluded to—that it was very nearly the equivalent of the lower limestone of 
the systéme anthraaifére of Professor Dumont—and that it was in like man- 
ner the equivalent of the lower of the two Westphalian limestones above men- 
tioned. 

The great importance of determining the true age of the Eifel limestone was 
therefore evident. For if it were the exact equivalent of the Wenlock limestone, 
then would there be an end of the greater part of the Devonian system ; which, 
during our labours in the earlier part of the summer, we thought we had so firmly 
established on the right bank of the Rhine, in the Hartz, and in Upper Franconia. 
We were, however, staggered, not merely by all the authorities which seemed 
combined against our first views ; but, we may also add, by the many undoubted 
Silurian fossils, especially corals, which are found in the Eifel limestone; so that 
we returned to England in considerable uncertainty as to the exact result of our 
summer’s labours. We had, however, established certain base-lines to which we 
could refer our numerous and laborious sections ; and for their further illustration 
we had a large coordinate series of fossils ; and out of such elements it was hardly 
possible to fail in establishing a true sequence of geological groups, whatever might 
be their classification when put in comparison with the older formations of this, or 
any other distant country. 

Without anticipating, unnecessarily, the details of this communication, we may 
state, that an examination of our fossil evidence has now led to a satisfactory 
conclusion, viz. that there is a group of rocks, characterized by an appropriate 
group of fossils, in a position, geologically as well as zoologically, intermediate 
between the carboniferous and Silurian systems. The supposed ‘‘ Ludlow Rock ” 
of Belgium passes into the mountain limestone, and even in its lower portions 
does not, as far as we know, contain a single Silurian fossil: and our Eifel mol- 


* Tt was while we were labouring under this error that one of the authors examined the inferior strata 
of the Boulognais. See ‘ Bull. de la Soc. Géol. de France,’ vol. x. p. 404 et seq. 
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lusca (about which we were most anxious, and of which we had procured a 
fine series) were pronounced by Mr. Sowerby, the moment he saw them, to 
form a group analogous to that of South Devon; an opinion valuable at any 
time, but especially so now, while he is employed in describing and figuring 
the South Devon fossils. At the same time we submitted the Eifel corals to 
Mr. Lonsdale, who with equal confidence pronounced them Devonian. By this 
interpretation of the fossils we were therefore confirmed in the opinion we had 
formed of the age of the systeéme anthraxifére before we entered Belgium ; and the 
sequence of the formations on the left bank of the Rhine disturbed not the classi- 
fications we had first attempted to establish in the great series of older rocks on 
the right bank. 

But for causes of inevitable delay, chiefly arising out of the long-continued ill 
health of one of the authors, these results would have been laid before the Society 
several months since. The recent investigations of Mr. Lonsdale, on the age 
of the Belgian limestones, having meanwhile come before the public, we need 
not refer to them in detail; and have now only to express our thanks to him 
for his most valuable assistance, and above all for the sanction he has given to 
our classification by his careful analysis of some of the zoological evidences on 
which it mainly depends. 

In closing this introduction we have now to state, that the memoir will be rendered 
incomparably more effective than it could otherwise have been, by the valuable 
cooperation of M. E. de Verneuil, who accompanied us during a part of our tour, 
and generously determined, after having entered into our views, to render his 
rich stores of organic remains (collected from the Rhenish provinces) available in 
the illustration of this memoir. Undertaking the description of the fossil mol- 
lusks of this region, he induced the Vicomte D’Archiac (eminent like himself 
both in zoology and geology) to become his associate. These gentlemen have 
drawn and described from their collections a series of the most characteristic of 
the Rhenish fossil mollusca, particularly those of the Devonian and upper Silurian 
groups; and have furnished us not only with a scientific description of each 


_ species, but also with a tabular arrangement of them, and with general theoretical 


views, of high importance in determining the value of zoological evidence. In 
justice to these authors, we trust that the force of their descriptions may not 
have been weakened by translation. 

Lastly, the map which is annexed (and without which the description of the 
Rhenish region and the sections would have been scarcely intelligible) is a re- 
duction of the great map of Hoffmann, as improved by many recent observa- 
tions of Professor Von Dechen and M. Erbreich, kindly communicated to us 
by the former. ‘This map, on which we have coloured the Palzozoic rocks ac- 
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cording to our own classification, is chiefly intended to indicate approximately 
the relations of the great subdivisions of the older sedimentary deposits. 
Those persons who wish to study the varied composition of the rocks of igneous 
origin with which this region abounds, must consult the original works of the 
distinguished field-geologists of the Prussian school to whom we have referred. 


PART 1I.—Older Formations on the right bank of the Rhine. 
CarBoniFrerous Rocks of Westphalia. (a, b, and c of the Sections.) 


(See Map, Plate XXIV. No. 6, 6', and 6*, and Sections 2 and 4, Plate XXIII.) 


Our earliest perception of the order and succession of the older strata in the 
Rhenish provinces was acquired by an examination of the rocks upon the right 
bank of the Rhine. We shall therefore first give a very brief account of that part 
of the region which contains a productive coal-field, and is based upon the carbo- 
niferous or mountain limestone ; and we shall next describe, at greater length, the 
various strata which successively rise out from beneath it, and are thrown up into 
the broken and convulsed region which extends into Nassau. 

Coal Measures.—This field, so rich in coal and iron, and containing the staple 
of the manufacturing wealth of Prussia, is surmounted on its northern boundary 
by the green sand and cretaceous rocks of Lower Westphalia, and to the west or 
towards the Rhine, by tertiary rocks and superficial detritus. That part of it 
which is productive is expressed by the dark colour of the Map (No. 6). It is of 
a triangular form, having its vertex near to the town of Unna; while its base (which 
lies towards the Rhine) ranges from the neighbourhood of Elberfeldt, and passes 
through Kettwig and Werden to the country beyond Milheim. 

We do not profess to describe the structure of this coal-field in any detail, a task which has been already 
in a great measure accomplished by German geologists*. It is sufficient for our purpose to observe, that 
in lithological characters, in its fossils, and in its beds of sandstone and shale with their courses of coal 
and ironstone, it is not to be distinguished from many coal-fields of our own country. In its range from 
W.S.W. to E.N.E. it has been affected by many powerful convulsions, the most remarkable of which 
appear in the form of anticlinal lines parallel to the strike; and divide, on a ground plan, the area into 
triangular masses, the apices of which terminate to the E.N.E. These elevations have raised up the lower 


beds of sandstone and shale (6', of Map), which are unproductive of coal, and have thrown the overlying 
or productive measures into a number of troughs. The lower strata consist in part of grits (not unlike 


* See the Map and papers of Von Oeynhausen and Von Dechen—Noggerath’s Westphalia (Das Ge- 
birge in Rheinland-Westphalen, vol. ii.). 
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some varieties of the millstone grit of England), which are associated with yellowish or light-coloured 
sandstone and shale ; and the whole series finally rises to the surface in powerful ledges on the banks of 
the river Ruhr, particularly near Herdecke, Westhofen, and Schwerte, etc. 

In quitting the lower edges of the coal-field, we find these yellowish and light-coloured grits and sand- 
stones (which here and there contain thin courses of coal and many impressions of plants) to be under- 
laid by dark grey, slightly micaceous shale, and thin-bedded, hard, grey sandstone, throughout which 
many small plants are distributed. This formation composes hills several hundred feet high, the strata 
of which rise up at great angles from beneath the coal-field. Their lowest member is composed of dark 
shales, which are frequently loaded with pyrites and are much worked in the extraction of alum. 
This “alaun schiefer ” of the Germans constitutes therefore the base of the whole coal tract, from which 
there is a regular and unbroken sequence upwards, through the beds before described, into the overlying 
or productive field. The alum shale reposes on the uppermost limestone of this region—the mountain 
or carboniferous limestone of English geologists (6+ of Map). 

The order here described may be seen in any transverse section from N.N.W. 
to S.S.E. along the escarpment of the coal-field, whether made at its western ex- 
tremity or towards its eastern apex. ‘The finest exhibitions of the lower beds are 
in the wooded hills between Herdecke and Schwerte on the N.N.W. and Hagen 
and Schelke on the S.S.E.; and the same order on a smaller scale is found in 
the sections near Werden and Kettwig. 

In their range to the E.N.E. these lower carbonaceous strata of sandstone and 
shale become much expanded, and cover a wide area of country to the north and 
east of Arnsberg, where they pass downwards into the lower calcareous zone to 
which we have just adverted*. 

To those persons who are acquainted with the structure of Devonshire we can 
convey no clearer notion of this unproductive or lower coal tract than by saying, 
that it strikingly resembles the ‘‘ culm districts’ of that county in the colour and. 
composition of the rocks, and in the abundant occurrence of small grass-like 
plants ; the species of which, however obscure, appear to us the same in the two 
countries. This sub-group is the ‘‘ Flétzlehrer sandstein”’ of the German geolo- 
gists, by whom it has hitherto been considered as the uppermost member of the 
grauwacke series ; a position which it does not occupy, as it is an integral part of 
the carboniferous system, being superior to the mountain limestone. (See sec- 
tions Pl. XXIII. figs. 1 and 2 ; and the colour 6! of Map, Pl. XXIV.) 


Carboniferous Limestone of Westphalia, (Mountain limestone, ‘‘ Berg-Kalk’’) with 
its associated bands of ‘‘ Kiesel-Schiefer” and bituminous limestone. (Map, 


Pl. XXIV. colour 6+, and Pl. XXIII., Sections 2 and 4, colour d.) 


The coal-field, with its associated inferior strata above described, throughout that 
part of its course which extends from Cromford near Ratingen to the country north- 
east of Velbert, is underlaid by a strong band of limestone, which, from its position, 

* Anté, p. 225. 
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structure, and included organic remains, is recognized by all observers as the repre- 
sentative of the carboniferous or mountain limestone of English geologists*. At 
Cromford this rock is fully laid open in deep quarries, in which, after the incohe- 
rent superficial deposits which cover so large a portion of this country have been 
cleared away, we see the strata dipping to the N.N.W. at a high angle; the ends 
of the beds having been truncated and reduced to a plane surface, over which the 
drift has been accumulated. The consideration of tertiary and detrital deposits forms 
no part of our present inquiry ; but we cannot describe these quarries without 
adverting to this remarkable appearance of the sharply-truncated edges of highly 
inclined strata (the ends of which have been broken off and polished, as it were, 
into an even pavement), and expressing our conviction that such a result could 
not have been brought about without much violence, followed by powerful attrition 
on the surface of the truncated strata, more particularly when we know that the 
very same phenomenon is exhibited on the surface of the older rocks under the 
tertiary accumulations and drift in many parts of the borders of the Low Countries, 
and in the northern provinces of Francet. 

When first cleared of the overlying drift, these ancient strata often convey the 
false idea of being horizontally bedded, and their real position is only ascertained 
by cutting into the body of the rock. 

The descending order of the strata of limestone at Cromford is as follows :— 


1. Shale and dark limestone, the thickness and relations of which are obscured. 

2. Great limestone, light grey, in beds from two to four feet in thickness: the lower beds fetid, faced 
with carbonaceous shale, and in mineral aspect not unlike the great scar limestone of England. In this 
mass are found most of the characteristic fossils, such as the Producta hemispherica, P. Comoides, 
Encrinites, corals, and many of the species enumerated in our list. Dolomite occurs here and there in 
irregular concretions throughout this rock, and is much used as a road-stone. 

3. Black shale, in parts calcareous, with corallines and Euomphali in the lower beds. 

4. Dark, hard limestone, used as a building and trough-stone, containing small spinose Productz, minute 
Trilobites, &e. 


* See the sections and works of Hoffmann and of all preceding authorities. Our friend Von 
Dechen has, in his last work, ‘The Geological Map of Europe,’ recognized the band of rocks which 
immediately underlies the Westphalian coal-field as our millstone grit series, pointing out at the same 
time the existence of the mountain limestone beneath it ; but he has merged the true mountain limestone 
with another band which we shall show to be inferior to it. In short, although we consider the map of 
Von Dechen to be of great value and generally very correct, our observations have convinced us, that, in 
the eastern prolongation of the carboniferous limestone, there is an error, in consequence of which the 
true equivalent of the lower coal series is not recognized in its extension over other parts of Westphalia 
and the Rhenish provinces. 

+ Striking examples of this powerful denudation, which smoothed and polished the inclined edges 
of the mountain limestone, were long ago described by Messrs. Buckland and Conybeare in the Mendip 
Hills (Geol. Trans., 2nd Series, vol. i. p. 225, Pl. XXXYV. fig. 2, 1824), and the same phzenomena are to 
be seen at Marquise, north of Boulogne. 
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5. Sandy and slightly micaceous shales passing into flagstone. 

6. Thin course of dark grey or black limestone. 

7. Shale. 

The descending section at this spot is not further continuous, being interrupted 
by a depression and water-course ; but as other limestones of very dark colour and 
considerable thickness rise up and occupy the northern sides of the low hills be- 
tween Cromford and Ratingen, they must be considered as lower strata of the same 
formation, to which they are, indeed, allied, by containing some fossils which occur 
in the upper beds. 

In tracing this band of limestone to the E.N.E., we find it well laid open 
beneath the incumbent drift, in the great quarries of Brock-haus, about three 
miles from Cromford, where the surface of the limestone gives still more striking 
proofs of having been subjected to great violence, and is covered with much de- 
tritus. Near Isambiigel the limestone begins to rise into higher ground, and to 
occupy the surface of the country, being exposed in various quarries along the 
sides of longitudinal ravines, by which we are enabled to trace the connexion of the 
rock with the overlying beds, or lower members of the coal-field. The upper beds 
of the limestone pass into, and are intimately associated with, dark, flat-bedded, 
flinty slate, which in parts is undistinguishable from the black cherts of our 
mountain limestone. The mass is overlaid by shale and psammite ; and these 
again by other shale beds, in which occur still thinner courses of black flinty slate, 
&c. The whole of these beds dip under the great series of shale, psammite, and 
quartzose sandstone, which we have previously mentioned as forming the base of 
the coal-field. 

Farther on its strike the carboniferous limestone assumes a still more cherty 
character; and in the woody hills near Velbert the prominent feature of the for- 
mation is the prevalence of chert, charged with impressions and casts of large 
Encrinites, so as to be undistinguishable from the Derbyshire ‘‘ screwstone.”’ Here 
also we havea distinct proof that the limestone and ‘‘ kiesel schiefer”’ dip under the 
black pyritous shale or ‘‘ alaun schiefer”’ of the neighbourhood (see Pl. XXIII. 
Section fig. 2). 

In following the calcareous bands into the valley of Regrath beyond Velbert, 
we perceive that they still more change their lithological aspect ; becoming hard 
and black, and exhibiting none of those fine masses of light-coloured limestone 
and that profusion of fossils which we observed at Cromford, near Ratingen. The 
limestone, on the contrary, juts out here and there in irregular hummocks, often 
in vertical positions and with imperfect traces of stratification ; or is bent into 
segments of circles, and is much altered in structure, partly from the effect of 
violent dislocations. 

. 2H2 
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The beds which rise from beneath this limestone and occupy the tract near Ton- 
nesheide, are highly inclined, dark-coloured shales, in parts psammitic, in parts 
calcareous ; and these, occupying a very considerable thickness, are interposed be- 
tween the carboniferous limestone, properly so called, and another inferior lime- 
stone to which we shall soon advert. We detected some few obscure fossils in 
these shales beneath the limestone as well as in those above it, but not in such 
number or preservation as to enable us to draw any conclusions from them. 

By inspection of the map (Pl. XXIV.) it will be seen that, according to our views, 

.the carboniferous limestone which thus gradually changes its character in its east- 
ward course from Ratingen, is cut off in the valley of Regrath, north of Tonnes- 
heide. We have indeed fully satisfied ourselves by two visits, after an interval 
of some weeks, that it is not curved round to form a part of the limestone of Mett- 
mann and Elberfeldt, which we proved to be an inferior member of the series ; 
but is distinctly separated therefrom by the shales and psammites above mentioned, 
which underlie it, and occupy a superficial extent of several miles*. 

The upper calcareous zone, which we are now considering, is not clearly traceable 
at the surface through a certain distance eastward of the spot where it is cut off. 
In the great flexure of the coal-field to the north-east of Elberfeldt, the lower car- 
boniferous strata are thrown about in great confusion: but in proceeding towards 
the eastern termination of the coal-field, where the escarpments become high and 
the longitudinal gorges deep, we are presented with a succession of calcareous 
strata which we regard as the undoubted equivalents of the carboniferous lime- 
stone ; for they maintain precisely the same relations to the overlying and under- 
lying strata which may be followed upon the strike. These calcareous beds, 
rising from beneath the group of shale and sandstone before described, are asso- 
ciated with chert and flinty slate, and thus far resemble the limestone near Velbert. 
In some cases indeed the flinty slate so predominates, that the bands are better 
designated as ‘‘ kiesel schiefer”’ than as limestone: but here and there the calca- 
reous matter appears in considerable force ; no longer, however, in thick, but in 
thin, flat strata, occasionally passing into flagstone. 

In the quarries near Schelke there is a passage downwards from shattery beds 
of sandy shale, with impressions of plants and thin courses of impure limestone, 
into other schists and rather thicker bands of encrinite limestone, with layers of 
‘* kkiesel schiefer ’; and these are repeated in several alternations. 

At a spot near Hemer, east of Iserlohn, and on the banks of the river Ohse, the 
limestone and ‘‘ kiesel schiefer”’ beds are of a similar structure, and are still more 
expanded: and thence to the E.N.E. the same bands can be followed throughout 


* See the alteration in Pl. XXIV. of Von Dechen’s map by the insertion of two distinct limestones. 
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Westphalia, being extremely prominent at Arnsberg (the capital of the eastern 
portion of the province), which stands upon the black limestone and kiesel schiefer. 


Big. 


Section near Arnsberg. 


R. Ruhr 
Arnsberg 
R. Ruhr 
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Sandstone and schists, | Black limestone (carboniferous). Sandstone and schists, 
with small plants. Kiesel schiefer, with small plants. 
6+ of Map. 


This limestone is for the most part of a dull black colour, is extremely carbonaceous, argillaceous, and 
fetid, and is usually traversed by many veins of white calc-spar. In mineral characters it is so nearly 
identical with the black culm limestone of Devonshire, that the description of the one rock might almost 
serve for that of the other. It is not, however, merely in lithological structure, but still further in 
imbedded fossils, that this limestone is placed in parallel with that of Bideford, Bampton, Oakhampton, 
and Launceston (see map of Devon, Geol. Trans. vol. v. Pl. L.), being charged with Goniatites and 
Posidonie, which two genera are in Westphalia, as in Devonshire, by far the most abundant fossils of 
the deposit. The Posidonia Becheri of Devonshire (Geol. Trans. vol. v. Pl. LII. figs. 2 and 3) occurs 
both in this part of Westphalia and in Nassau, and we are unable to distinguish one of the flattened 
Goniatites of the one country from a Goniatite of the other. The “ kiesel schiefer” and black limestone 
of Eastern Westphalia must, we conceive, represent the ordinary carboniferous limestone of Ratingen, 
notwithstanding a considerable difference in their respective fossils; because the one is a continuation 
of the other, and occupies precisely the same relative position in the series, as is proved by many trans- 
verse sections. 

In confirmation of this view, we may be permitted to remark, that the mineral characters of no 
one formation are uniformly persistent over large areas. That sandstone may graduate into limestone 
and limestone into shale (or vice versd), and that the leading members of a deposit may be either 
suppressed or entirely changed, are facts known to every geologist. It is equally well known that, with 
every change in the lithological composition of a rock, there is often a corresponding variation in its organic 
contents. Observations have often proved this fact, and it might indeed have been inferred from the 
known conditions of animal life*. 

In tracing the course of the mountain limestone from Ratingen eastwards, we have remarked that the 
dominant character was rapidly lost, that chert and black carbonaceous matter began to prevail in the 
place of the thick, grey calcareous beds. How natural is it therefore to expect, that so great a change in 
the marine sediment must have produced a great change in the forms of animal life—that a change of 
conditions should have produced some corresponding change of species! The zoological distinction of 
two distant portions of the same band of rocks is, however, often more apparent than real, and the con-- 
necting links are generally to be traced if observations be accurate and long continued. In the strata 
under review, though the large Producte and corals of Ratingen are wanting, yet Goniatites of certain 
forms, which are among the most distinguishing fossils of the lower carboniferous rocks, are common. 


* This fact has been dwelt upon by Mr. De la Beche in his Survey of Devonshire and Cornwall. 
The group of fossils in the oolitic series of Yorkshire may be quoted as an example in point; and it de- 
serves remark, that when any part of that series (for example, the coral rag of Filey) approaches the 
known types in Somersetshire or Wiltshire, the accompanying group of fossils also approaches that of 
the corresponding formation in our south-western counties. 
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We found also in the black, flat-bedded limestones a small Trilobite, which we consider to be a true moun- 
tain limestone species: and these fossils are associated with the Posidonia so characteristic of the culm 
limestone of Devonshire. All these facts offer strong presumptive evidence in favour of the correctness 
of our views. 


In following this zone upon its outcrop into the eastern districts of Westphalia, 
we find it bending with the enormous flexures of the inferior strata, and projecting 
at an acute angle to Arnsberg; whence it is suddenly deflected to the south-west, 
exhibiting all the contortions and undulations dependent upon such a vast curvature 
of the line of bearing (see map 6+ and woodcut, fig. 1. p. 233). After turning, with a 
south-western strike, to a point several miles south of Langscheid, it is again (along 
with all the neighbouring formations) bent back at an acute angle, into its former 
bearing, and is thence prolonged into the country near Brilon. In this part of 
its range it partakes of all the accidents of the neighbouring formations, and passes 
through a district so enormously convulsed, that all the strata through extensive 
tracts of country are absolutely inverted ; yet does it continue to occupy its true re- 
lative place on the surface, between the mountainous regions of the older formations 
and the secondary deposits of the low country to the north. Continuing its range, 
sometimes with, sometimes without limestone, but always characterized by its - 
courses of flinty slate (‘‘ kiesel schiefer’’) and its schists with Posidonie, it wraps — 
round the north-eastern extremity of the chain of older rocks by Bleuwashe, Stadt- 
berg and Marsberg, and is again exhibited in another parallel zone which is pro- 
longed towards Attendorn. 

Trusting to the labours of our German friends (and particularly to those of M. 
Von Dechen and M. Erbreich, who have constructed the geological map of this re- 
gion), we have laid down the same rocks, as repeated in two parallel troughs, sur- 
rounded by the older strata, in a tract south-east of Berlenburg. . 

From our own observations we are also led to identify with the same group some of 
the uppermost strata of the environs of Dillenburg ; namely, those of Herborn and its 
immediate vicinity (figs. 7, 8, of Sections, and colours 6! and 6+ of Map), where Po- 
sidonia schists, ‘‘ kiesel schiefer,” and bands of black limestone with Goniatites, are 
abundant. We defer, however, for a few pages our account of the complicated relations 
of this tract of country, inasmuch as the sections it exhibits are incomplete in the as- 
cending order, and the beds are mineralized and changed by contemporaneous, as 
well as intrusive, trappean rocks. We first endeavour to ascertain the characters and 
sequence of the successive formations in the country bordering on the great coal- 
field, where the ascending sections are complete and the beds much less disturbed ; 
and availing ourselves of this sequence, we then attempt to explain the more 
difficult relations of tracts of country (such as Dillenburg), where the same for- 
mations are repeated through the effects of those great undulations, to which we 
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have before alluded. We may however remark in this place, that beds which we 
consider (from their position in the undisturbed sections as well as from their 
fossils) to represent the base of the carboniferous system, have, on account of their 
mineral characters, been merged by many German geologists with the older grau- 
wacke. The result has been, that in their published tables certain fossils of the 
carboniferous strata have been placed below, instead of above, the fossils of the 
great Westphalian limestone ; which, as we now proceed to show, occupies a 
position intermediate between the carboniferous and the Silurian system. 


Groups below the Carboniferous System. 


Devonran Rocks (Map, Pl. XXIV. colour 7, and Pl. XXIII. Sections 3 and 4, 
colours e and f.) 


We now proceed to consider the strata beneath the formation which represents 
the base of the carboniferous system of Great Britain. In their long range from 
a point north of Elberfeldt to the acute angle east of Arnsberg (where the beds 
are suddenly deflected to the south-west), the lower calcareous shales beneath the 
kiesel schiefer contain some peculiar reddish strata, made up of small concretions 
of impure limestone imbedded in a red shale. As these shales contain the Posi- 
donia and some other fossils of the upper beds, we regard them as the base of the 
overlying system. 

These strata are succeeded by psammitic flagstones, which near Schelke and at 
Hemer, east of Iserlohn, form a well-marked and persistent feature. Other shales 
of blackish colours rise out from beneath the psammites, and in them are courses of 
impure limestone ; in which, together with flattened Goniatites, we begin to observe 
fossil shells of species unknown in the overlying formation ; such, for example, 
as the very characteristic fossil (Terebratula aspera, Schloth.). These beds may 
therefore be considered as forming the commencement of another system, distinct 
from the carboniferous. We conceive that the psammites and shales are the 
equivalents of our upper group of the older strata of Devonshire, immediately 
under the culm measures*, and we shall insist further on the relations of these 
highest strata of our present group, when we describe the Belgian series, in which 
they are much more expanded than in Westphaliat. 


Limestone and Shale. (Limestone of Mettmann, Elberfeldt, Hagen, Iserlohn, &c.) 


The psammite and shale below the carboniferous system, in which we first ob- 
serve fossils of new forms, constitute a passage into a lower calcareous system, 


* See Geol. Trans. vol. v. pp. 643, 647. 
+ See Pl. XXIII. Sect. 4 and 12; also the tabular or general section 1, letter e. 
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which we now proceed to describe. The chief mass of these rocks forms the 
great calcareous zone of Westphalia, and is seen in numerous quarries in the 
environs of Mettmann, near Dusseldorf, where it crops out in highly inclined, 
broken, and undulating strata, and it is continued to Elberfeldt, where it oc- 
cupies the northern and north-eastern suburbs of the town*. .It is thence pro- 
longed in a ridge by Barmen, whence it is expanded by undulations into two zones, 
which range to the north of Schwelm and reunite in the neighbourhood of Hagen. 
From that place to Iserlohn the limestone continues to increase in thickness, 
and rises into bare precipices, occupying prominent ridges between the wooded 
hills of the lower carboniferous strata on the one hand, and the mountains of older 
rocks of shale and sandstone (Silurian grauwacke) on the other. 

From Iserlohn, in its prolongation to the E.N.E., this limestone is much ex- 
panded between Menden and Balve, where it forms the great salient promontory be- 
fore alluded to, round which the overlying formations mantle (see map, Pl. XXIV. 
colour 7). From that point it is deflected nearly to Neunrade, whence it stretches ina 
long attenuated band to the neighbourhood of Meschede; and, after being lost for a 
certain distance, reappears to the north-east near Brilon. Before it reaches that 
place, it again increases in thickness, and is expanded over a large area by vast 
undulations, one of which brings it out to the surface at Warstein, among the 
superior strata, several miles to the north of its more general range. 

In traversing the inferior rocks we find the same limestone occupying a great 
trough or parallel zone near Attendorn. Other bands of it (though in very differ- 
ent lithological condition) occur near Dillenburg ; and finally it breaks out in 
great masses on both banks of the Lahn, striking through the heart of the grand 
duchy of Nassau. It would be difficult to induce any one, who judged from mere 
mineral characters, to comprehend how all the courses of limestone, here 
briefly enumerated, which appear on different zones so widely separated from 
each other, should belong to the same formation. But we have founded our opinion 
upon their persistence when followed out upon their strike, upon their changes 
of structure in places where there is no doubt of their continuity, upon their re- 
lations to the overlying and underlying strata, and above all, upon their organic 


remains, of which the most peculiar and characteristic are found throughout the 
several ranges above indicated. 


No lithological description of the limestone, drawn from one neighbourhood, admits of general applica- 


* It will be seen, by consulting the map, that this limestone, at its eastern end, occupies two zones. 
‘The northern zone extends from the neighbourhood of Wiilfrath to Mettmann; and to the west of the 
latter place it is continued by a great flexure (characteristic of the enormous dislocations of the strata 
in the north of Germany) into the southern range that extends to Elberfeldt, &c. 
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tion*. Near Mettmann, for example, it is seen both in dark and light-coloured grey masses, partly earthy, 
partly crystalline. At Elberfeldt it has an altered aspect, is very irregular in its bedding, and is of a coarse 
granular structure, much veined, and full of nests of dolomite with cracks and fissures containing breccia. 
Parts of the rock are here loaded with, almost made up of, one species of coral, the Favosites ramosa. 
The rock preserves this altered character in the sharp and peaked ridge which extends from Elberfeldt 
to Weipperfeldt. At the latter place it regains its regularly stratified form, and is composed of a dark 
grey and light grey, hard, suberystalline rock, which stands out in slightly inclined terraces, and is largely 
quarried+. The so-called Favosites ramosa is still most abundant; but here, as in the environs of Mett- 
mann, we find other fossils associated with it; the most remarkable of which are Strigocephalus Burtini, 
Turritella coronata (Buccinum spinosum, Sowerby ), Turritella bilineata, Goldf.t. To thenorth of Schwelm, 
where the beds are repeated by a fault (see Pl. XXIII. f. 3.), and the limestone is quarried in thick 
beds, fossils are still more abundant. Of corals we see in the southern quarries a vast profusion of the 
Favosites ramosa, Stromatopora polymorpha, S. concentrica, with whole beds of the genera Sérigocephalus 
and Gypidia§. These strata are underlaid by black and grey schists which pass downwards into psam- 
mitic grauwacke, beneath which (immediately above the town of Schwelm) are other courses of limestone 
of dark colour and of concretionary structure, in which occur Favosites polymorpha, F’. Spongites, 
F. gothlandica, Terebratula aspera (Schloth.), with two or three species of Spirifera. 


The same fossils are found at Hagen, and some of them in the lowest beds of 
the formation at Eilpe ; but they are still better exhibited at Limburg and Leth- 
mate, and in the whole of the great calcareous flexure which extends from Iserlohn 
to Balve (see map, Pl. XXIV.). 

A similar succession may be observed in ascending the gorge of the Hiinne river, 
from Menden towards Balve, the red shale which overlies the limestone being there 
much developed. This gorge resembles some of the finest valleys in the mountain 
limestone of England. Equally picturesque is the wider gorge, watered by the 
Lenne, between Lethmate and Griine, through which the high road passes. As the 
descending section exhibited in this spot shows the exact relations of the great lime- 
stone, both to the overlying beds of shale and psammite and to the underlying 
schists and grauwacke, we here give it in some detail. (See Pl. XXIII. Sect. 4.) 


* This remark perhaps applies to every great formation of transition limestone ; but we may state 
that, without any reference to our classification, and before we had made out the relations of the great 
_ calcareous zone above described, we were again and again struck with its close resemblance to the great 
limestone of South Devon, especially in those places where it was most perfectly developed. 

+ The Favosites ramosa, according to Mr. Lonsdale, was so named by M. Brassart, the predecessor 
of M. Goldfuss in the museum of Bonn. Mr. Lonsdale has decided that this coral, which is also found 
in Devonshire, is not a Favosites. 

t We here use the old names under which we recognised the presence of Devonian (British) types 
in Westphalia. The two species of so-called Yurritella mentioned in this and many other places, have, 
together with some other species, been since established as a new genus by MM. de Verneuil and 
d’Archiac under the name of “ Murchisonia.” (See the description of the Mollusks.) 

§ Gypidia gryphoides of Goldfuss, Terebratula Gryphus of de Buch. Note by MM. de Verneuil and 
d’Archiac ; see also posted Descriptions of Fossils and Tabular List. 
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1. The upper mass, which rises from beneath the “ kiesel schiefer” (or mountain limestone) group 
and overlies the great limestone, consists of dark shale with thin calcareous courses, in which 
occur small Goniatites and flattened Orthoceratites. These bands are surmounted by the red 
shale, grey psammite, black flinty limestone, and carbonaceous sandstones before described. 

2. Black flag-like limestone,—few fossils ( Ter. aspera, Devonian variety ). 

3. Dark limestone with white veins, containing numerous fossils, among which we collected a portion 
of the Trilobite, Brontes flabellifer (Goldf.), Orthoceratites, a small Lingula, and a Producta, 
like the variety of P. depressa * which occurs in Devonshire. 

4. Great limestone of lighter grey colour, several hundred feet thick, characterized by abundance of 
Strigocephali, the shells of which chiefly appear in sections of white calcareous spar, associated 
with various corallines, especially Favosites ramosa, F’. Spongites, Cyathophyllum, &c. 

5. Dark-coloured lower limestone, in which we no longer trace the Stérigocephalus, but find abun- 
dantly Terebratula aspera, as on the lower beds at Eilpe near Hagen. 

The descending section (as seen in Pl. XXIII. fig. 4) which is exposed on the 
right bank of the Lenne, in proceeding from Griine towards Altena, passes through 
a series of schists, flagstones, calcareous shales, sandstones, &c., in which new 
types of fossils begin to show themselves. These strata (to be considered more in 
detail in the sequel) will be shown to lie on the parallel of the upper Silurian rocks 
of England. 

We refer to the annexed lists of the fossils of this great calcareous group above 
described, which will be seen to differ entirely from that of the overlying series. 

In the upper limestone of Cromford, and in the thin-bedded black limestones, 
shales and flinty slates which take its place, we find the most characteristic fossils 
of the carboniferous limestone of England, and the fossils of the black culm- 
limestone of Devonshire ; from which we infer that this culm-limestone is only 
a peculiar development of the carboniferous limestone. But in the lower lime- 
stone above described, the characteristic organic remains are those of the South 
Devon limestone, which, in a previous memoir, we have shown to be of higher 
antiquity than the black culm-limestonest. Thus are we enabled, through the 
evidence of the foreign sections, to supply geological links which have not yet been 
so clearly found in England; and thereby we establish comparisons which must, 
we presume, be of general use in the classification of the older rocks of Europe. 


Devonian Rocks in their Eastern prolongation to Meschede and Brilon. 


In its range to the eastern parts of Westphalia, the zone of Devonian rocks 
which we have described undergoes great lithological changes. The shale beds 
become gradually harder and more schistose, and at length pass into roofing slates; 
and the limestones (instead of forming a great, well-defined and thick-bedded zone) 


* Orthis rugosa. Note by MM. de Verneuil and d’ Archiac ; see also posted Tabular List. 
+ See Geol. Trans., vol. v. p. 649 et seq. 
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are in thin irregular courses, and often very highly mineralized. These great litho- 
logical changes are accompanied by various plutonic rocks, of which there are no 
traces in the several districts before mentioned. They consist of porphyries, green- 
stones, and other intrusive masses, in ridges or bands parallel to the strata*. 

With the exception of a few points (where the beds are thrown off by the rocks 
of igneous origin), the strata of the whole elevated region are seen to dip to the 
south. Now the strata, which lie to the north of the great limestone, contain 
black and thin-bedded limestone, and dark-coloured Posidonia shales, and are obvi- 
ously but the prolongation of the lower carboniferous strata of Westphalia. Yet 
are these strata overlaid by the great limestone, which, in its turn, is overlaid by 
the old grauwacke (or Silurian) rocks of the southern mountains. 

It follows, therefore, that the regular order in which we have been enabled to 

trace these formations through so long a space is here completely deranged, and 
that all the great groups are absolutely inverted, the older being incumbent on 
the younger. 

We shall have occasion to speak at greater length upon similar phenomena on 
the left bank of the Rhine ; therefore we need do no more in this place than re- 
gister the facts as they fell under our observation. 

We may, however, remark, that the occurrence of trappean rocks may perhaps 
suggest the cause of these enormous derangements of position, of the reality of 
which there can be no doubt: for we can follow the several groups along their 
‘distorted lines of strike till we trace them into the country where they are in the 
true normal positions indicated in the previous sections. Indeed, in the disturbed 
district of Brilon, we examined a section indicated by M. Erbreich, in which the 
lower carboniferous strata, after being reversed, fold over again and dip to the 
north under the cretaceous rocks (as in the accompanying woodcut). 


‘ Fig. 2. 
General Relations of the Strata N. and S. of Brilon. 


Brilon. ‘ ( wile 
: SSSA \ WY ( i NON ih 
: SIO WY: x i 
6+ a a 7 8 a 8 a 8 a 
2. Greensand. 6’. Unproductive coal grits and shale. 6+. Posidonia and Goniatite schist. 
7. Devonian beds with iron ore and fossils. 8. Slaty rocks. a. Porphyry, greenstone, &c. 


The figures and letters are those used in the Map to distinguish the formations. 


The abundance of iron ores is one of the most striking consequences of the in- 
trusion of the porphyritic and greenstone rocks among the Devonian strata ; and 


* The course of these trap rocks, and of a considerable part of the limestone, has been laid down 
from the original surveys of MM. H. Von Dechen and Erbreich. 
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where these ores occur (as is often the case) with courses of limestone, the mass 
is frequently charged with fossils. In this ferruginous matrix the characteristic 
forms of Strigocephalus, Goniatites, and Calceola sandalina, are found near Brilon 
and Meschede. They are also found at Martenberg, five miles south of Stadt- 
berg (the extreme point of these ancient rocks), where the older strata are over- 
lapped horizontally by Kiipfer schiefer, greensand, &c. (see map, Pl. XXIV.). Dis- 
turbed, therefore, as the tract has been, still each zone may be clearly distinguished 
—the outer (or lower carboniferous) by its small plants, its carbonaceous character, 
and its courses of ‘‘ kiesel schiefer,” black limestone, and shale with Posidonie— 
the inner (or Devonian zone) by its limestones, fossils, iron ores and slates: and 
both may in like manner be distinguished from the older grauwacke (or Silurian 
rocks), of which we shall treat hereafter. 

Besides a complete reversal of the formations (and upon such an enormous 
scale), this tract exhibits a very singular insulated mass of the Devonian limestone 
ina highly mineralized condition at Warstein, about ten miles north of Meschede. 
Surrounded by hills of slaty schist, psammite and kiesel schiefer, this limestone 
breaks out to the surface. Its structure is very much varied, and it contains 
amorphous masses of dolomitic and of a veined, impure limestone, associated 
with hornstone and iron ore. The ore is worked in pits, some of which are up- 
wards of forty fathoms in depth, and seems to occur in masses more or less ver- 
tical. Both in its structure and its position among the surrounding rocks, it 
resembles the kidney ore deposited in fissures of the mountain limestone near 
Ulverstone. ‘That plutonic rocks, though not apparent at the sGrface at War- 
stein, have had their influence in producing some of these results, is a fair infer- 
ence from analogy. 

Some of the porphyries of these tracts, especially those of the ridges to the 
south of Brilon, Bilstein, and Kleine-Poppelsberg, have a character intermediate 
between intrusive porphyry in mass, and those varieties of finely laminated and 
bedded porphyritic rocks which (although they contain both concretions and 
crystals of felspar) are often interstratified with courses of schist and limestone, 
and dip along with them to the S.S.E. In the sequel we shall have to speak 
at greater length of the extraordinary variety of forms put on by the bedded trap- 
pean rocks, when they pass into the state of “‘ schaalsteim.” All the sedimentary 
deposits in contact with the porphyries and greenstones of Brilon and Meschede 
are much altered; the calcareous bands being either blended with hornstones 
or impregnated with iron ores, while the schists and slates are often traversed 
by veins of lead and copper ore. The longitudinal valley of Hoppeke, south 
of Brilon, offers an excellent illustration of the manner in which the bands and 


__ eee 


older Deposits of the North of Germany and Belgium. 241 


masses of porphyry run along like great ribs parallel to the successive sedimen- 
tary deposits*. (See woodcut 2, p. 239.) 


Calcareous Rocks near Bensberg, &c. (Map, Pl. XXIV. and PI. XXIII. Section 5.) 


Under this name we include a series of calcareous deposits which are first seen 
on the south side of the road leading from Cologne to Bensberg (near the bottom 
of the hill on which the latter place stands), and extend thence three or four 
miles in a direction about N.N.W. to the neighbourhood of Paffrath. This range, 
indicated by a series of open quarries, is not along the strike of the beds, but 
nearly transverse to it ; for the several calcareous masses, where they are distinctly 
stratified, strike (like all the older strata of the neighbouring country) about 
E.N.E. 

The relations of these remarkable calcareous beds are very obscure ; as they 
appear only here and there in low ground, and are partially overlaid by the 
tertiary deposits which skirt the valley of the Rhine and form a breast-work 
to the neighbouring hills. That they are superior to the Bensberg ridge of grau- 
wacke cannot, however, admit of a shadow of doubt, as their fossils link them 
with the great Westphalian limestone. They must therefore have been brought 
into their present position by one of those great flexures which have so deranged the 
positions of the mineral masses in the Rhenish provinces, and of which we have 
some indications in the dips presented by the strata of the neighbouring hills. It 
is also clear that they took their present position long before the existence of the 
valley of the Rhine, or of any of the bordering tertiary deposits of brown coal and 
sand. 

The beds near the Bensberg road are ill exposed, but abound in fossils. Cross- 
ing, however, to the north, we meet with several quarries, having nearly the same 
fossils, of which the beds exhibit a steady dip of more than 30° to a point about 
S.E.by E. These may be called the Refrath series, and evidently belong to the same 


* Our friend M. Von Dechen has put into our hands a beautifully coloured geological map of the 
Rhenish provinces, on a very large scale, in which he distinguishes the igneous rocks at Bruchhausen, 
and throughout the tract around Olpe, as the common or red quartziferous felspar porphyry ; those of 
Meschede, Brilon, Messinghausen, &c., as Labrador and Olikoglas porphyry. The latter rock displays 
its intrusive origin by throwing off the beds near Bredelar to the north. The oxide of iron forms a 
erust round the surfaces of these intrusive rocks, as in Nassau. In the country to the south of Brilon, 
extending to Wittenberg (which we did not visit), M. Von Dechen has laid down nine parallel bands of 
hypersthene rock, which are followed on the north side by three parallel lead veins, the whole being 
coincident with the strike of the strata. M. Von Dechen and M. Erbreich have also pointed out the 
singular fact of the persistent dip to the south, to which we have already adverted.—(See account of the 
map which accompanies this memoir.) 
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formation as the Bensberg. Their fossils present close analogies to those at the base 
of the great Westphalian limestone, and perhaps still closer to those in the lowest 
division of the Eifel limestone to be described in the following part of this commu- 
nication, (7.e. beds of passage into the Silurian system). Beyond the Refrath series 
there is an interruption of nearly two miles; after which a series of thin-bedded 
limestones, with precisely the same strike and dip as before, break out in the quar- 
ries. These beds (which may be called the Gladbach series) are several hundred 
feet in thickness, and contain very few traces of fossils. 

This last group is succeeded to the N.N.W. (and apparently underlaid) by a 
series of beds forming the quarries of Paffrath and Hand, which are of very com- 
plicated structure, and contain innumerable organic remains occasionally in a state 
of beautiful preservation. The fossils of this Paffrath group are celebrated among 
German collectors; and by the help of our friend Monsieur de Verneuil, who 
possesses a fine series of them, we are enabled to subjoin a most instructive list 
of species illustrated by figures. It is enough for us to state in this place, that the 
group of most characteristic fossils is identical with that of the great limestones 
of Westphalia and the Eifel. 

Were we to decide by the mere evidence of the sections, we must place the Paff- 
rath group as the lowest, and the Refrath and Bensberg group as the highest portion 
of the whole calcareous series above described. This arrangement is, however, 
contradicted by the analogous sections of Westphalia, and we may add also, by 
the sections of Belgium and the Eifel ; and we are constrained to admit, that the 
vast flexure which twisted a portion of the great Westphalian limestone into the 
valley of the Rhine, at the same time reversed the original position of its several 
beds. 

Assuming this reversed position, we may therefore commence a descending 
section near the Hand, and connect it through the intervening quarries with the 
lower groups of Refrath. It is impossible for us to enter on full details ; but the 
following sketch of the sections may serve to convey a general notion of the very 
singular formation of limestone we are describing. 


General descending section. 


Paffrath group.—\. Thick, irregular, cellular beds of dark bluish limestone with partings of dark 
blue carbonaceous shale, with casts of Gypidium, Strigocephalus, and many corals (Hand quarry). 

2. A little lower in the series (at Gronau), calcareous shales with concretions of limestone full of 
corals, which are readily separable from their matrix. With the marls are associated many earthy, 
pulverulent, yellow beds, like earthy magnesian limestone. Besides the corals, one species of 
Delthyris and two or three species of Turritella (Murchisonia), &c., occur in abundance. 

3. Immediately below the preceding (though in a reversed section, and therefore on the dip side) are 
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strong beds of dark-coloured limestone, partly of earthy structure and partly subcrystalline, con- 
taining many impressions of Strigocephalus. The limestone beds alternate with, and seem to 
pass into, grey earthy marls, containing Strigocephalus, Gypidia, Megalodon, Buccinum, Tur- 
ritella (Murchisonia), and many other fossils of the Paffrath group, in great abundance. 
4, After a considerable interruption, and still farther on the dip side of the strata, is an open quarry 
which descends as far as the Gladbach group. The section is as follows :— 
(1.) Dark-coloured arenaceous and impure fetid limestone (not burnt for lime), sepa- 
rated by carbonaceous partings, and containing small spined Producte, &c., and 


impressions of grassy plants like those of the culm-measures ofsMevon. .....- 14 feet. 
(2.) Strong hard beds of dark fetid limestone with carbonaceous partings : pure enough 
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(3.) Impure, porous, sandy beds, containing in their upper part an irregular bed of 

impure, pyritous, coaly matter several inches thick, and passing into beds of 

impure gritty limestone with partings of carbonaceous shale. .......sse-0. 14 to15 feet. 
(4.) Seven or eight beds of dark-coloured limestone, burnt for lime. ............ 0c — 
(5.) Grey-coloured calcareous flagstone, alternating with meagre, absorbent, shaly 

matter, &c. They form a passage into the beds of our next group........... 25 — 


Gladbach group.—It is several hundred feet in thickness, and hardly admits of any regular subdivisions,. 
being essentially composed of calcareous flagstone, alternating with bands of laminated meagre marls. 
In its mode of bedding it resembles the upper division of the magnesian limestone near Ferry Bridge. 
The flagstones here and there run together, so as to form thick beds, which are sometimes cellular, like 
magnesian limestone, sometimes recomposed or brecciated, like certain limestones of Devonshire. The 
ripple-mark is common on some of the thin beds alternating with the bands of marl; and in the middle 
portion of the group the laminated marls almost exclude the beds of more pure limestone, which are only 
worked in the upper and lower divisions of the quarries. 


Refrath group.—The best quarry we examined was about a quarter of a mile south of the village, and 
gave the following section :— x 

1. Strong beds of light, grey-coloured limestone. 

2. Blue shale, with concretionary calcareous bands ; very full of corals and shells. Many of well-known 
Eifel species, including Cyrthoceratites compressus, Goldf. (Phragmoceratites subventricosus, see 
postea Description of Fossils and Tabular List), C. depressus, Terebratula prisca, &c. 

3. Yellow-coloured marls, and grey and yellowish jointed limestone, alternating as far as the section 
was exposed to view. The whole thickness of the above beds about 200 feet. 


Bensberg.—The quarries near the Bensberg road are too obscure to deserve any particular description. 
Among them are beds of a dark blue, hard, subcrystalline limestone, with veins of white calc-spar. The 
beds alternate with variously coloured calcareous shales and marls, and occasionally pass into a compact 
state with a conchoidal fracture. The shells and ccrals, though less abundant, are of the same species 
with those of the preceding quarry (Refrath group). 


Considering the great length of the traverse across the strike, the constancy of 
the dip towards the south-east, and the great angle of inclination (on the average 
not less than 35°), the computed thickness of the whole Bensberg series would 
be enormous. That its thickness (notwithstanding the obscure position which it 
occupies) is very great there can be no doubt ; but it is possible, from the discon- 
nected position of the quarries, and especially from the long interruption between 
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the Refrath and Gladbach groups, that some of its subordinate parts may have been 
repeated over again by undulations, so as to convey a deceptive notion of its total 
thickness. Without the help of fossils it would have been impossible to attempt 
any classification of this great formation ; by their help it becomes a most instruc- 
tive example of the Devonian system of the provinces on the Rhine, and, as we 
think, of its passage into the Silurian system. For the illustration of the Testacea 
which abound in these deposits, we refer to the additional memoir and description 
of our companion M. de Verneuil, and of his coadjutor M. d’Archiac. (See Plates 
XXV. to XXXVII_.) 


Devonian Rocks in Nassau, &§c. (Map, Pl. XXIV. and Pl. XXIII. 
Sections 6, 7, 8, 9 and 11.) 


The grand duchy of Nassau is occupied to a considerable extent by the strata 
of the age intermediate between the carboniferous and the older grauwacke rocks. 
These strata assume different lithological characters in different districts ; their 
more peculiar features seem invariably to be derived from their association with 
igneous rocks. In the mining country around Dillenburg, so celebrated for its 
ores of iron and copper, the deposits have some lithological features in common 
with the altered strata near Brilon and Meschede. But in this district the order 
of the deposits is not inverted, all the stratified masses being seen to dip in regular 
order to the S. or S.S.E. ; and though much expanded by alternations with schaal- 
stein, and in parts altered and obscured by bosses of eruptive rock, the following 
succession in descending order is observable. (See Pl. XXIII. Sect. 6 and 8.) 


Ist. Psammitic, thinly laminated schists and sandstones, having a character intermediate between coal- 
sandstones and slate-clay. These beds are charged with impressions of minute plants, and, on the whole, 
are not to be distinguished from the “flétzlehrer sandstein” of Von Dechen, which we have shown to 
represent one of the lower members of the carboniferous group*. Beneath and associated with these 
beds are finely laminated black schists, loaded with Postdonie, and containing also some flattened 
Goniatites, small Orthoceratites, minute Trilobites, and a few Terebratule. Thin courses of black limestone 
are detected at intervals (particularly at Erbach, near Herborn) ; and kiesel schiefer is there also present. 
Thus, from the lithological and zoological characters, there can be no doubt that, in conformity with our 
views, the whole represents the lower members of the carboniferous system. (See the Tabular List of 


* M. Stifft has the merit of having shown that these peculiar rocks near Herborn “ were posterior to 
the grauwacke,” asserting that they are sometimes even unconformable to the schaalstein, which inyari- 
ably wnderlies them. These beds, including the schists of Herborn, are well described by him as alter- 
nating with greenstones, and as being, at the points of contact, altered into “ kiesel schiefer,” horn-stone, 
“ eisen-kiesel,” &c. Becher, after whom the Posidonia Becheri is named, considered these beds to be 
grauwacke ; and the name is preserved by Stifft, although he assigns several lithological reasons for 
assimilating them to the flotzlehrer sandstein of Von Dechen, or the rauch-sandstein of Horel. 


older Deposits of the North of Germany and Belgium. 245 


fossils and localities.) In the development of the strata of Herborn we have perhaps more indications of 
a passage downwards into the Devonian system than in any of the Westphalian sections which we ex- 
amined ; but the identity of the most characteristic species of Posidonie and Goniatites leaves no doubt 
of the true place of these strata in the series*. 

2nd. Psammite, limestone, and shale. ‘This group is characterized by the same fossils as at Brilon, and 
we therefore place it as the equivalent of the Devonian system. 

3rd. Black slates of Wissenbach. Though these beds contain some fossils which might lead us to 
place them also in the Devonian system, the presence of several characteristic Silurian chambered shells 
and Trilobites induces us rather to regard them as the representatives of the highest Silurian rocks: at 
all events they form the beds of passage into the lower system, and will be treated of hereafter. 

4th. Arenaceous flagstone and grauwacke (Silurian), which are widely expanded through all the hilly 
region that stretches to the north-west. 


The geologist who, in troubled districts, is accustomed to disentagle the strata 
containing organic remains from the trap rocks with which they are associated, 
will have no difficulty in making out this general succession, by traversing the 
highly undulating and picturesque tracts which diversify the valley of the Dill, 
more especially its left bank. Although the above is a correct general view of 
the succession when the trappean and mining rocks are left out of account, it 
is right to give the reader a more real notion of the condition of this tract, 
which has been so much perforated and mineralized by intrusive rocks. To do 
this in detail would be to follow the example of M. Stifft, who, in describing the 
duchy of Nassau by separate daily itineraries, has almost filled a thickly printed 
volume with mineralogical descriptions of the complicated rocks which abound in 
every hill and vale of this country. In truth, few of these masses have much 
lateral persistence ; so that the sections on two parallel lines, not more than half 
a mile asunder, would often differ in their detailed phenomena. We therefore 


_ * The list of fossils found at Herborn, according to M. Dannenberg, is as follows :— 


1. Calymene concinna, Dalman. 1. Posidonia Becheri, Bronn. 
1. Ammonites expansus, V. Buch. ap 2. longitudinalis, Bronn. 
ee ephericus, Martin. Nanas 3 mytiloides, Goldf. Eybach. 
: odié. 
= ___— Priseus, Goldfuss. 1. Avicula lepida, Goldf. 
1. Orthoceras gracile, Blumenbach. (Said to 1. Pecten grandevus, Goldf. 
be also at Wissenbach.) 9. primigenius, Bronn. 
2, ———— scalare, Bronn. 3. ——— Miinsteri, Bronn. 
3. ——-—— fragile, Bronn. 
1. Aptychus antiquus, Goldf. 


1. Mytilus veteratus, Goldfuss. Terebratule, &c. 


It will at once be perceived from this list, that the Pectens, Mytili, Posidonize and Goniatites which it 
contains are more near to the carboniferous than to the more ancient deposits. The only fossil said to 
be the same as a species found at Wissenbach, is so imperfect and crushed that we are convinced no 
identity could be established from it 
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refer to a section on the accompanying plate (Pl. XXIII. fig. 7), as representing 
one of the most illustrative of several traverses which we made, and in which the 
order of the groups is apparent, notwithstanding the very complicated derange- 
ments produced by the intrusive trappean masses. 

The physical features of this picturesque district are quite in harmony with the 
varied condition of the component rocks ; each woody ridge being formed of the 
harder plutonic and altered masses, while the valleys are excavated in the shale 
and “‘ schaalstein.” 


The plutonie rocks consist of greenstone, both coarse and fine-grained, some examples of which have 
a very thick-bedded, others an amorphous aspect. Some of the masses are porphyritic, while others 
graduate into simple trappean “ wacke,” and amygdaloid, and resemble the “ basalte en boules” of French 
geologists, by decomposing into concentric crusts. Laumonite and other simple minerals are associated 
with them. In one place the eruption of these masses has converted the sandstone into quartz rock; in 
another the shale in contact is in the state of jasper. In some localities they are surmounted by peculiar 
trappean conglomerates, in which organic remains are occasionally distinguishable, and they frequently 
alternate with the ‘schaalstein,” the peculiar bedded rock to which we have already adverted, and 
which we will notice more at length when we describe the banks of the Lahn, where it is most developed. 


On the north side of the Leiterberg, near Eibach, the limestone and shale are 
broken through, and thrown off both to the north and to the south ; and on the 
south face of the hill, near its summit, the schists have been converted into a com- 
plete jasper, which is surmounted by iron ores. The limestones are for the most 
part in the state of ‘‘ fluss-stein,”’ avariety of altered rock in which the calcareous and 
trappean or ferriferous matter are blended together, and which here (as also in the 
environs of Oberscheld) contains beds abounding in fossils. The most prevalent 
character, however, of the altered deposits of this district is the very general diffu- 
sion of iron ore, which for the most part is in the state of brown oxide, and per- 
vades the shale and limestone wherever they are in contact with the trap. 


Limestones of Oberscheld, Sessacher, &c. 


As the limestones of this tract of country contain several characteristic fossils 
in common with the zone of Brilon, we can have no hesitation in considering them 
of the true Devonian age. The matrix of the fossils is here also absolutely iden- 
tical with that of Brilon ; in many places being so ferriferous that it passes into a 
complete iron ore : in other places, where the calcareous matter prevails, it is used 
as a flux for the ores, and hence its name fluss-stein. M. Beyrich has described this 
rock as being uniformly overlaid by greenstone and supported by ‘‘ schaalstein*.” 


* M. Beyrich is we think in error in considering this limestone to be distinet from that of the Hand, 
near Bensberg, before mentioned, and that of the Lahn which we shall presently describe. It is true 
that the localities in which peculiar mineral conditions exist may contain some peculiar species of shells; 
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Although this arrangement exists in the immediate neighbourhood of Oberscheld, 
we do not think it can be laid down as general. In fact, even in this tract 
there are strong calcareous courses of the same formation which are quite subor- 
dinate to schaalstein, and others which are unaltered are included in shales. The 
masses therefore which are associated with the greenstone ought not to be regarded 
as a distinct formation, but rather as altered ferriferous portions of a complicated 
group, with many different arrangements of its subordinate parts. 

The mere list of fossils given by M. Beyrich supports our opinion, that these 
limestones constitute a member of the Devonian system. After mentioning the 
Ammonites (Goniatites) Becheri, Goldf., Encrinites, Caryophyllia, Orthoceratites, and 
Trilobites, he dwells particularly on the fact, that the Goniatites are so various and 
so abundant that the rock might be termed a goniatite limestone *. 

But M. Beyrich is, we think, in error when he supposes that certain limestones 
of the Fichtelgebirge described by Count Miinster, and to which we shall hereafter 
advert, cannot be of the same age as those of Oberscheld and Dillenburg, be- 
cause the latter are charged with Goniatites and the former with Clymenie ; for the 
very rocks described by Count Miinster contain both these genera. 


Copper Mines near Dillenburg. 


The slates of Wissenbach and the underlying grauwacke will be described under 
the head of Silurian Rocks. Before, however, we leave the tract around Dillen- 


burg, we may say a few words upon its copper-mines, for which it is as much 
distinguished as for its ores of iron. 


According to the miners (and our friend M. Erbreich had given us similar information respecting the 
mines near Brilon), the copper veins traverse all the rocks of the district, being, as in every other 
country, more productive in one matrix than another. Thus, where we meet with the common unaltered 
black shale, which is much expanded to the east, the veins cease to be productive, or in miner’s language, 
are “ cut offf.” When they enter the “schaalstein ” the copper veins are generally productive, particu- 
larly where this rock contains much calcareous spar; but they are still richer when they pass through 
ferriferous strata or beds of iron ore. So uniformly do these relations prevail, that although a tolerably 
good copper ore is now and then found in a “schaalstein” of green colour, in which chlorite prevails, it 
suddenly becomes richer where the vein cuts into “schaalstein” which is impregnated with iron. The 
chief veins strike from N.N.W. or N.W. to S.S.E. and S.E., and the smaller branch veins are oblique to 


but the question seems to be placed beyond a doubt by the fact that the fossils of Oberscheld and Brilon 
are identical: for the true place of the Brilon limestone admits of no doubt, being the actual prolonga- 
tion of the great Westphalian limestone. 
-* For the peculiar character of these shells, see the observations of MM. d’Archiac and de Verneuil. 
t This rule admits not of any general application in England, though we have observed some striking 
examples of it. (See the ‘ Silurian System,’ Chapters 22 and 24.) 
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these directions. We examined some lodes of excellent quality six to seven feet wide, which were then 
worked by the English German Mining Company. We were conducted to them by our intelligent coun- 
tryman M. Petherwick, to whom we owe our information ; and we have no doubt that these mines might 
be worked to great profit, even in a country where the forests alone supply the necessary fuel, were the 
land-transport shorter and less expensive. Up to this moment they have never been followed to any 
great depth ; and are merely worked by horizontal galleries driven on their bearing through the sides 
of the steep hills which they intersect. Lead ores also occur in this district, but they are in much less 
abundance than those of copper *. 


Devonian Rocks of the Lahn. (Schaalstein, &c.) 


The Devonian limestones are again exhibited in broad irregular bands on both 
banks of the Lahn, occupying, here and there, a long elliptical area, of which the 
major axis extends (in a north-easterly direction) from a point beyond Wetzlar to 
a point on the Lahn a few miles below Dietz. The transverse axis may be placed 
near Hadamar, and is not more than eight or ten miles in length. Within this 
tract we can no longer distinctly trace the links which connect these rocks with 
the superior or carboniferous deposits, the Flétzlehrer sandstein and Posidonia 
schists not having been detected in union with them. But the whole system is 
surrounded by older strata of grauwacke ; and hence, as seen on the map, it ap- 
pears to be disposed in a great broken trough or basin. The existence of such a 
trough is, however, by no means indicated by the concentric dip of the surround- 
ing strata; for on the greater part of all the transverse sections there is a pre- 
vailing dip to the south-east, which gives the calcareous series, on the south side, 
the appearance of plunging, not merely under the grauwacke, but also under the 
whole chain of the Taunus. In short, we conceive the Lahn limestones to occupy 
what, in a subsequent part of our paper, we call an inclined trough or basin. 

The chief depositary strata in this shattered trough consist of limestone, some- 
times associated with shale, but for the most part interstratified with vast expan- 
sions of ‘‘ schaalstein.” Besides these laminated deposits, igneous rocks of many 
varieties, from true eruptive porphyry in mass, basalt, greenstone, to slaty por- 
phyry and bedded traps, are apparent at the surface. Iron ore is also very gene- 
rally diffused, and here and there is worked. The limestones, though occasionally 
flat-bedded dark-coloured compact or earthy, for the most part are thick-bedded, 
in a highly crystalline condition, and are largely quarried as ornamental marbles f. 
There is perhaps no stronger indication of the great chemical changes to which 
the strata have been subjected than the numerous mineral springs which burst 


* M. Petherwick, at the time of our visit, was just beginning to use small steam-engines; and the 
introduction of a few Cornish miners had given a new spirit to the enterprise. 

+ Many of these marbles, in their colours, their structure, and their fossils, are the exact counterpart , 
of the marbles of South Devon. 
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out at so many points in these parts of Nassau; for we quite agree with 
M. Stifft, that the springs are the still remaining evidences of former plutonic 


action. 
Schaalstein.—This rock is so dominant and persistent on both banks of the 


Lahn, the limestone being often completely subordinate to it, that M. Stifft* has 
fixed upon it as the geological horizon by which the grauwacke and slaty rocks of 
the Rhine are separated into overlying and underlying deposits. Though this may 
be a correct observation when applied to parts of the duchy of Nassau, such a 
mode of distinguishing the age of strata by their mineral condition is seldom tena- 
ble through large areas. Admitting, therefore, that the peculiar rock called 
“ schaalstein ” (whether as seen on the Lahn, near Dillenburg, or near Brilon) 
is for the most part associated with strata of an age intermediate between the car- 
boniferous and Silurian epochs, we cannot invariably so define its position ; for 
some portions of it are found to alternate with beds of the underlying system, 
especially the grauwacke which ranges up to the north flank of the Taunus. (See 


Pl. XXIII. fig. 9.) 


But what is this schaalstein? We answer, that this protean rock has clearly originated in submarine 
plutonic action. Notwithstanding this origin, it is a completely bedded rock which alternates with lime- 
stone and shale, and occasionally contains organic remains ; is regularly jointed ; and assumes, in short, 
every character common to deposits which have been formed by submarine action. After describing 
all the varieties in the composition of schaalstein, M. Stifft places it as a rock intermediate between schist 
and greenstone. The schistose varieties alternate with the underlying strata of quartzose grauwacke 
and contain much lime and tale (chlorite ?). The greenstone varieties consist of various forms of stra- 
tified trap, sometimes fine amygdaloidal, sometimes in the form of a trap breccia, and gradually pass 
into flaggy and porphyritic greenstone. The prevalent varieties, however, are made up of thin broken 
plates of schist and chlorite, mixed up with decomposing felspar, some sand, and much carbonate of lime ; 
the whole so arranged as to flake or shale off under the hammer, and hence its name (schaalstein or shale 
stone}). In many situations it is copiously charged with chlorite, in others with iron ore, but white 
calcareous spar is perhaps the most common subordinate ingredient. 

Though finely laminated and occasionally very shaly, it is often thick-bedded, and is then (particularly 
if the lime and other ingredients be equably diffused) a very good building-stone; and it is much quarried 
for that purpose, as it is easily worked. Its colours are of course as various as its composition ; viz. 
greenish, greyish and reddish. In one word, it is a plutonic recomposed rock; the description of any 
portion of which, taken from that end of the series where it is in contact with greenstone and porphyry, 


* Geognostische Beschreibung der Herzogthums Nassau, 1831, p. 463 e¢ seg.; see also Leonhardt’s 
Char der Felsarten, 1823, p. 747. 

+ According to Von Dechen, to whose beautiful inedited map of this region we have already alluded, 
the “ schaalstein” (an equivalent or variety of the Variolite of the French) is a metamorphic rock con- 


nected with Labrador porphyry. 
{ Sir A. Crichton has described this rock, Geol. Trans., 2nd Series, vol. ii. p. 269, to which we further 


wish to refer the reader. 
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must differ essentially from that of the other extreme where it graduates into schist. When alternating 
indefinitely with schist and limestone, the trappean materials are less abundant than the fragments de- 
rived from the other submarine deposits with which the igneous materials are mixed up*. The calea- 
reous matter (often in glandular and concretionary forms) may partly have resulted from contempora- 
neous springs highly charged with carbonate of lime, and may, in part, have been derived mechanically 
from the beds of limestone with which the schaalstein is so intimately associated. } 


The schaalstein occupies bold cliffs on the banks of the Lahn near Wetzlar, 
Weilburg and Limburg. (See Pl. XXIII. fig. 9.) Between the two last-mentioned 
towns it may be studied in all its varieties, alternating with limestone and shale, 
and broken through at intervals by bosses of eruptive trap which have altered 
and dislocated the strata. Beautiful examples of the contemporaneous and intru- 
sive trap rocks, and their relations to the regular deposits, are exhibited in the 
deep picturesque gorges of the Lahn near Weilburg. 

Limestones of the Lahn.—These limestones, on the whole, appear to be subordinate to the schaalsteins 
and schists of the tract we are considering, and are of various colours and texture. In their most un- 
altered condition (e.g. on the north side of the river opposite Limburg) they are dark grey, regularly 
bedded, sometimes argillaceous, and with white veins. At Carpenheim, near Wetzlar, the rock is seen in 
very thick beds overlying ferriferous strata, containing in parts small pisolitic and granular iron ore, 
which are loaded with various shells, including Goniatites. Porphyritic and other igneous rocks appear 
in the vicinity. 


Fig. 3. 
Left Bank of the Lahn, near Wetzlar. 
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Between Wetzlar and Limburg the limestone is found in several patches, some- 
times with, sometimes without iron ores, which near Weilburg occur in beds ; but 
in many instances they seem to traverse the strata irregularly, like the masses of 
iron ore, &c., at Warstein above mentioned. 

The locality at which the limestone of the Lahn has afforded the greatest num- 


* No country offers finer examples than England of contemporaneous and stratified trappean rocks 
associated with our Devonian, Silurian, and Cambrian systems. Such rocks at one extremity of their 
mineral types are perfectly crystalline, at the other are brecciated and earthy, and they pass (by every 
shade of structure and every form of alternation) indefinitely into the aqueous and fossiliferous deposits 
with which they are associated. Some of these masses (which form an integral part of the highest 
mountains of Wales and Cumberland, &c.) can hardly be distinguished from the German schaalstein, 
except perhaps in being (on the whole) more hard and crystalline, and less calcareous. 
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ber of organic remains, was first pointed out by M. Beyrich*. The beds in 
question protrude in the slopes of the left bank of the river near the spot called 
Miinchen-Mihle, about two miles above Villmar, and nearly one mile above the 
village of Arfurth. Here the descending order of the strata is as follows :— 


Fig. 4. 
Left bank of the Lahn, near Miinchen-Muhle. 


Schaalstein, Schaalstein, with 


slaty cleavage. 


Ist. Beds of weathered, white, decomposing limestone in a state resembling incoherent, gritty chalk 
marl, or caleaire grossier. 2nd. Bluish grey limestone with white veins decomposing to a buff or fawn 
colour. 3rd. Schaalstein, in cliffs of fifty and sixty feet in height, rising at an angle of 40° from beneath 
the above. The schaalstein is in parts almost crystalline, but is both regularly bedded and jointed, and 
also partially traversed by a cleavage oblique to the bedding. 

The shells which occur in the white or upper beds identify the deposit beyond all doubt with the 
Devonian limestones of Westphalia. Besides the Strigocephalus Burtini, Bellerophon lineatus, Tere- 
bratula prisca, and several Devonian corals, such as Favosites polymorpha and F’. Spongites, we find 
here six species of Twurritella (Murchisonia?), two of which, 7. bilineata and T. coronata, are very 
abundant near Elberfeldt. The entire absence of the Nawtilacee, so common in other parts of this region 
where rocks of the same age abound, is remarked upon by M. Beyrich. We should however recollect, 
that all the fossils from the spot in question have been found in beds a few feet in thickness, and that 
they therefore characterize only one very small member of the Devonian system. Associated with 
several Terebratule of the Eifel, M. Beyrich found here an Ostrea, a genus which was thought to exist 
only in strata of much less antiquity. 

On the whole, however, the fossils of Miinchen-Miihle have a true intermediate character, inclining 
rather more to the carboniferous than to the Silurian types; and we therefore infer that they lie in the 
upper limestones of the Devonian system. 

Near Arfurth, where the Lahn runs in a great rent, the strata on the right bank dipping to the N.N.E. 
and those on the left bank to the S.S.W., a limestone of grey colours alternates with schaalstein and 
schist, and contains corals, Goniatites, and some small Trilobites. In descending the river to Villmar it 


Fig. 5. 
River Lahn near Arfurth. 
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white limestone, Schaalstein. 


Limestone. Limestone, 


* Owing to M. Beyrich’s imperfect indication of this spot, we made two visits to Villmar before 
we were able to find it out. Much of the limestone along the river banks near Arfurth disintegrates 
into a whitish, granular, incoherent substance, like that at Miinchen-Miuhle, but the latter is the only 
locality in which we observed many fossils. On the second occasion we were accompanied by M. E. 
de Verneuil. 
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becomes much more crystalline, and is in parts a complete marble, of greyish, whitish, mottled red and 
blue colours, and is much charged with corals identical with those of Devonshire. 

The same rock, offering a still greater number of mineral varieties, is seen near Dietz, where the lime- 
stone is in contact with porphyry and trap. When polished the marbles of Dietz and Villmar are indeed 
perfectly identical with our rocks of Babbicombe and Torquay, both in colour, composition, and in the 
species of corals with which they abound. The Sérigocephuli and other shells characteristic of the 
group in the Rhenish provinces are not merely found in these marbles, but occasionally in the associated 
beds of schaalstein and schist. 


To the north-west of the town of Dietz the Devonian limestones are underlaid by 
a great thickness of slaty rocks, some parts of which doubtless represent the fossi- 
liferous slates of Wissenbach, like which they repose upon, and graduate down- 
wards into, arenaceous flagstone and grauwacke. Near Dietz, however, these schists 
are much more expanded than in any other portion of the tracts we are here de- 
scribing. The transverse section (Pl. XXIII. fig. 9) will help to explain the 
relations of the rocks of igneous origin to those of sedimentary deposit. In many 
places where trap rocks abound, the limestone loses nearly all traces of bedding (as 
for example near Hadamar), and occasionally becomes dolomitized. We consider, 
however, all the calcareous masses near the banks of the Lahn and within the 
limits of the elliptical area we have been last considering, to belong to one geo- 
logical epoch; though, in a country so dislocated and obscured by plutonic erup- 
tions, it is no easy task to readjust the different broken and altered fragments. 

The previous conclusion is drawn from the structure of the great group of rocks 
we have been last describing, from their relation to older groups, and, above all, 
from their characteristic fossils. ‘The enormous apparent thickness of the group, 
under any interpretation of the transverse sections, might at first sight seem to put 
it out of all relation to the great Devonian limestone of Westphalia and (as we 
shall afterwards prove) of Belgium. But we have already shown that we may rid 
ourselves of a part of this difficulty by the supposition of an inclined basin or trough, 
for the reality of which we think there is good evidence. Again, the great thick- 
ness of the group is a natural, and we might say an inevitable consequence, of the 
great development of the contemporaneous erupted and regenerated trappean 
rocks, which (both in the country of Dillenburg and on the Lahn) are so asso- 
ciated with the Devonian series as to form an integral portion of it. 


Situr1AN Rocks (Map, colour 8. Sections, Pl. XXIII. fig. 1, letters h and 7.) 


We have endeavoured to show that certain groups of strata, above described, 
occupy, in the descending sections, the place of the old red sandstone of England, 
and that they present a group of fossils intermediate between those of the carbo- 
niferous and Silurian systems. We have therefore designated them by the name 
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of Devonian system. It remains for us to notice the lower groups of the descending 
sections, and to show the analogies they present, both in their position and their 
fossils, with the Silurian system. 

That such lower groups exist is proved by a series of parallel transverse sections 
from the coal-field of Westphalia, across the Devonian strata above described, into 
the more elevated and rocky regions which constitute the right bank of the Rhine. 
Taking any one of the great roads which run to the south from Elberfeldt, Schwelm, 
Hagen, or Lethmate, these schistose and grauwacke rocks, with occasional calca- 
reous courses, are seen to rise up conformably, into massive ledges, from beneath 
the Devonian system. 

The succession consists in general of thin-bedded, schistose grauwacke, passing into quartzose sand- 
stone, having more or less the character of slightly micaceous flagstones of brownish and greyish colours, 
very commonly having a ferruginous and sometimes a reddish tint. Occasionally these beds (e.g. near 
Iserlohn) exhibit a passage into dark grey, slightly micaceous flagstones with rippled surfaces, separated 
by argillaceous “ way-boards,” and they frequently contain a sufficient quantity of caleareous matter to 
constitute seams of impure limestone. 

In these rocks we find a class of fossils entirely distinct from those forms which approach the carbo- 
niferous types, and of which we were gradually losing the traces as we passed through the intermediate 
or Devonian strata. The fossils here predominating are, several species of the genus Pterinea of Gold- 
fuss (the Avicula of the upper Silurian rocks), one of which can scarcely be distinguished from the 
Avicula reticulata. The genus Homalonotus also prevails among the same rocks, along with a great pro- 
fusion of asmall species of Orthis, a genus eminently characteristic of the Silurian system, together with 


new forms of Spirifer unknown in the overlying system (see Pl. XXXVIIL., Silurian grauwacke 
fossils ). 


Black Slates of Wissenbach, &c., Pl. XXIII. figs. 6 and 7. 


Besides the above-mentioned fossiliferous flagstones, certain strata are interpo- 
lated between the true Devonian rocks and the ‘‘ older grauwacke,”’ which in some 
districts on the left bank of the Rhine consist of flagstone, indurated shale and schist, 
with thin calcareous courses. Judging from their organic remains, these shales 
and slates must be considered as connected more with the Silurian than with the 
Devonian system. Of this peculiar group the transverse Westphalian sections, 
Pl. XXIII. figs. 1 and 3, offer only the imperfect rudiments in certain beds of shale 
and schist immediately under the great limestone. We shall therefore describe 
the group as it appears in those tracts where it is most developed. 

In following the strata upon their strike to Meschede and Brilon these 
schists become thicker and more important (assuming a distinct slaty cleavage 
transverse to the bedding), and are largely worked as roofing-slates. In that di- 
strict we were not, however, fortunate enough to discover in them any organic 
remains : but in the country of Dillenburg, the black slates of Wissenbach, which 
we have shown to occupy the same geological position, are loaded with fossils. 
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These slates, which take their name from the village of Wissenbach, distinctly rise 
from beneath the Devonian limestones, repose upon grauwacke, and are quarried 
on the slopes of the hills which form the southern side of the longitudinal valley 
in which Wissenbach is situate. 

From the description of the ‘“‘ schistes argilleux de Wissenbach”’ by M. Beyrich, 
we were quite unprepared to find such a beautiful example of slaty cleavage, oblique 
to the true bedding, as is offered by these strata. So completely, indeed, has the 
crystalline or slaty impress obliterated the laminz of deposit, that the latter are 
to be distinguished only by certain undulating and obscure lines, marked by cry- 
stallized pyrites, and inclined at about 15° or 20° to the S.S.E., while the jagged 
edges of the slates indicate a cleavage at the high angle of 60°, towards the same 
point of the compass. It is along these lines of pyrites, which mark the partings 
of the true beds, that the fossils have been found ; and the workmen, knowing 
their value, carry them to their houses in the village of Wissenbach, where we 
purchased a considerable number of them*. 

The first zoological character of these slates which strikes the observer, is the great profusion of Go- 
niatites. Associated with them are univalve shells (Euomphali, &c.), many Orthoceratites (some of large 
size), Trilobites of three or four species, &c. 

Besides the valuable collection of M. Dannenberg of Dillenburg+t, we examined a series in the mu- 
seum of Weilburg, collected by M. Sandeman ; and on the last occasion we were accompanied by our 
friend M. E. de Verneuil. It is from an inspection of all these fossils, as well as from our own collee- 
tion, that we have come to the conclusion that these slates (underlying, as they do, the Devonian lime- 
stones of Oberscheld) may be considered to represent the upper beds of the Silurian system. 

The limestones of Oberscheld, near Dillenburg, are clearly identical with those 
of Elberfeldt (the calcaire @ strigocephale of Beyrich), of which we have treated 
at length when describing the banks of the Lahn ; but the fossils of the underlying 
slates of Wissenbach (see note, p. 255, and Pl. XXIII. figs. 6 and 7) indicate beyond 
all doubt the commencement of another zoological type. The profusion of small 
Goniatites on the one hand might lead us to consider these slates as of younger age 
than the Ludlow rocks of England ; but the lobes of the species found here partake 
of the distinction first indicated by Von Buch, of a simple rounded lobe peculiar to 
the older rocks. Again, we found in this rock specimens of Cyrthoceratites and Or- 

* Appearances of*this kind are not uncommon among the older rocks of England. For example, the 
fossiliferous slates of Coniston Water Head are intersected by a highly inclined slaty cleavage; and the 
true beds (which are much less inclined) are often separated by thin bands of crystallized pyrites. (See 
Prof. Sedgwick on the Structure of large Mineral Masses, Geol. Trans., 2nd Series, vol. iii. pp. 461, 473.) 

+ We are very much indebted to M. Dannenberg, an excellent practical geologist and engineer, for 
having, on our second visit, made us better acquainted with the structure of the tract east of Dillenburg, 
extending from the valley of Wissenbach to the mining district of Oberscheld, Sessacher, &c.; he also 


furnished us with several good fossils, and a list of the species occurring in each subdivision of the region 
around the place of his residence, which list is given in the next page. 
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thoceras, as well as of certain Trilobites (Homalonotus, Calymene Blumenbachii, &c.), 
which are undistinguisbable from the known Silurian fossils ; we therefore group it 
with the upper part of that system*. 

We are aware that objections to this classification may be raised by those who 
draw their conclusions solely from the organic remains collected under the general 
name of “ Eifel fossils;’? among which several species, similar to those that 
characterize the Strigocephalus limestone of Westphalia and Nassau, are found 
associated with some of the same forms which occur at Wissenbach. But when 
analysed, this objection loses its force. In every attempt to define geological 
subdivisions there must be a difficulty in marking off the lowest beds of one forma- 
tion from the highest of that which is inferior to it. Those strata, for example, 
which have scarcely any development in one tract, are frequently found to expand 


* The fossils of Wissenbach in M. Dannenberg’s collection are— 


1. Calymene macrophthalma. 1. Orthoceras regulare, Schloth. 
1. Ammonites subnautilinus, Schloth. 7) 2. ———— gracile, Blumenbach. 
2. ——_——- Noggerathii, Goldf. " 

3 latiseptatus, Beyrich. 2 1. Patella Neptuni, Goldf. 

4 Dannenbergi, Beyrich. 2 1. Isocardia antiqua, Goldf. 

5. —~ compressus, Beyrich. 5 


(Spirula compressa, Goldf.) 


In the more ample collection of M. Sandemann at Weilburg we observed— 


1. Calymene Blumenbachii, Brong. 10. Orthoceras giganteum? Silurian system. 

2. ———— macrophthalma, Brong. 11. , large new species with very wide 
3. Homalonotus, probably H. Knightii ? septa. 

4. Hausmanni(Calym. Hausmanni). 12. —__——.,, avery singular new species, with 


a triangular column or lateral siphuncle, 


1. Orthoceras regulare, Schloth. 
and the angles richly ornamented with 


2. annulatum, Goldf, Large as the i 
Silurian species. rabsest ese 
3, ——_——- calamitaceum, Minster. The same 1. Goniatites subnautilinus. 
variety would seem to occur both in the 2. Noggerathii. 
Silurian and Devonian : our O. annulatum. aa compressus (Spirula compressa), 
4. dimidiatum ? Silurian system, or Goldf: 
very near to it. 4. , new large species with tubercles in 
5. ————- gracile, Blum. two rows. 
6. ————-, a large new species identified 5s , species slightly differing from G. 
by M. de Verneuil with a species from subnautilinus. 
Valogne in France. 6. New species. 
See NS ve Pole tere 1. Cyrthoceratites or Lituites, undefined. 
8. —___—_N. S., with a vertebrated column. ; : ; 
Bet) Binet’ SORT: pyriformis ofthe Eifel. 


The group of Orthoceratites and Trilobites leave in our minds no doubt that the Wissenbach schists 
must be considered an upper Silurian deposit. See Plates XXV., XXVIL, XXVIII., &c., which have 
been prepared by M. de Verneuil and M. d’Archiac, and the fossils described by thems 
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as we follow them on their line of bearing; and with a change in their mineral 
character they are often seen to exhibit a peculiar change in the forms of organic 
life. Of this we have already adduced proof by tracing the lower zone of the car- 


boniferous system through Westphalia (anté p. 231 et seq.) : and we now apply the . 


same reasoning in explanation of our view respecting the slates of Wissenbach. 

It has been shown, that in geological position these slates (see Pl. XXIII. figs.6 and 
7) lie between limestones containing the same fossils as those of Elberfeldt and Iser- 
lohn, and the fossiliferous grauwacke which constitutes the chief mountain masses 
of the right bank of the Rhine. It has also been stated, that on the Westphalian 
frontier, where the whole succession is clearly exhibited, these slates have no ex- 
istence, and are there merely represented by a few courses of shale, in which we 
found no characteristic fossils. But these underlying shales expand vastly in their 
range towards the east ; and at Wissenbach, strata, occupying exactly the same 
position, assume a much more decided development, and contain that marked group 
of shells above mentioned which led us to our present conclusions. This view 
is, we think, in perfect harmony with all that we have written or observed respect- 
ing the development of the Paleozoic rocks. 

In the sequel we shall endeavour to show, that the calcareous shale which un- 
derlies the great limestone of the Eifel (and we may here remark that the fossils 
of the shale and the limestone are always mixed together, and confounded in one 
group by the local collectors), is the equivalent of the black slates of Wissenbach. 
In the Eifel, however, the lithological development of this group is small, being 
not much more expanded than in Northern Westphalia. The observer, therefore, 
who drew his conclusions only from the structure of the Eifel, might (as we shall 
show hereafter) place the group here described in the Devonian system ; while 
he who judged from the sections of Wissenbach and the right bank of the Rhine, 
and decided its age from the dominant fossil types, would consider it, as we do, 


to be Silurian. 


Silurian Grauwacke, h? of coloured Sections, Pl. XXIII. figs. 1, 3, 4, 6, 7, 8, &c. 


The grits, psammites, and flagstones, &c., rising beneath the slaty groups last de- 
scribed, contain some fossils (e.g. Homalonoti, Calymene, &c.) approaching closely 
to upper Silurian types; whilst other fossils of the same rocks resemble those 
which characterize the lower portions of the system. 

Among the few fossils of this part of the series which are absolutely identical 
with our English forms, is the Pentamerus Knightiw, found at Greifenstein, between 
Dillenburg and Wetzlar: but at this spot the section is unfortunately obscure, and 
the undulations and breaks are so considerable, as to destroy all sure indication of 
the exact geological place of the quartzose grits in which the shell occurs. They 
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‘may perhaps have been heaved up by the basaltic eruptions of the spot, which 
have indeed converted large portions of the arenaceous deposits into quartz rock. 
(See Pl. XXIII. fig. 8.) 

Were it desirable, we could give many transverse sections through the lower 
groups of the Rhenish formations ; but the details of any one of them would be 
found to differ considerably from those of other parallel traverses made even at short 
distances. We therefore conceive that by a reference to one ideal section, in which 
the prominent data are generalized and grouped, we shall better explain the general 
relations of these older rocks than by entering into a multitude of incongruous 
details: and our list of fossils, with their localities, will assist in verifying the 
respective ages of the deposits, from whatever data they may have been previously 
made out. 

In the tract near Dillenburg the grauwacke which rises from beneath the slates 
of Wissenbach (Pl. XXIII. figs. 6 and 7), and occupies the high country extending 
north-westward in the direction of Siegen*, is characterized by the same fossils 
which abound in it in so many other parts of the high regions of Nassau and Rhenish 
Prussia. Two species of Trilobites (one of which is not to be distinguished from 
Calymene Blumenbachi, and the other, which approaches closely to Homalonotus 
Knighti) are found in it along with numerous casts of shells. The shells are very 
abundant at Haiger-Sihlbach, Wildenstein, and Sossenbergt, and are associated 
with several species of Orthis (one of which closely resembles O. orbicularis), with 
Orthoceratites, and with several corals of the Silurian system, some of which (such 
as Favosites polymorpha) are also found in the overlying or Devonian rocks. 

Again, there exist the clearest proofs, from the consistent evidence of sections, 
that other strata, inferior to the Wissenbach group, form the greater bulk of the 
grauwacke system of the Rhine. These consist of various bands of sandstone of 
reddish, yellowish, greyish, and whitish colours, alternating with hard grey schists, 
immediately underlying the fossiliferous flagstones and slates last described. Every 
traverse from the northern edge of Westphalia to the territory of Nassau demon- 
strates a similar succession. In ascending the banks of the river Lenne from 
Limberg to Altena, we are presented with a fine sequence of these rocks, with occa- 


* M. Erbreich, chief mining engineer of the district of Siegen, and an excellent geologist, was our guide 
through this tract, and from him we obtained many of our best fossils. We have already alluded to this 
gentleman as the associate of Von Dechen in preparing the great geological map of the Rhenish provinces. 

+ M. Stifft enumerates many other localities in Nassau at which fossils occur. Among these are 
Sprinzen on the Wisper, Espa, Wisperfeldt, Hasselbron, Nievern, Altenhauser, Buch Wahlenberg, 
Wolfsberg, Burschen near Oberrossbach, and the Kahrer-kopf, between Steinbruch and Mandeln. We 
regret not to have heard of these localities before we traversed this region. It would appear, how- 
ever, that the fossils are chiefly repetitions of the forms we have so often alluded to. 
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sional seams of impure limestone, the whole rising from beneath the Devonian 
system (Pl. XXIII. fig. 4). The same series is seen in passing from Schwelm to 
Meinershagen, concretionary bands of dark-coloured impure limestone occurring 
irregularly throughout the zone. 

It appears, after a general view of the sections, that the vast group of fossiliferous grauwacke lying 
_ beneath the schistose and caleareous beds last adverted to, is characterized not only by some of the fos- 
sils we have been enumerating and by several species of small Orthis closely allied to those of the Silurian 
rocks*, but also by certain peculiar forms which are as yet unknown to us in England; e.g. by the 


Hysterolites of Schlotheim, and two species of Delthyris, the D. macroptera and D. microptera of 
Goldfusst. 

In some of the lowest strata of this grauwacke, which appear in the environs of Siegen and also at 
Unkel and other places on the Rhine, we meet with several forms of Orthis (one of which has been 
recognized as Orthis Pecten, another as Orthis flabellulum, a third as Orthis rugosa) associated with a 
species of Terebratula, undistinguishable from Terebratula Stricklandii. This group of fossils seems 
rather to be characteristic of the lower Silurian rocks. 


If, however, we attempt to separate the grauwacke of the Rhenish provinces 
into formations, we meet with insurmountable difficulties ; first, because we want 
distinct calcareous ledges or separating lines, each characterized by peculiar fossils 
(as in the typical country of the Silurian rocks of England) ; and secondly, because 
several of the same species of fossils, such as the Delthyris macroptera and D. mi- 
croptera, and several of the small species of Orthis, are found throughout an enor- 
mous vertical thickness of strata. 

While speaking of the thickness of strata, we have every possible desire to 
guard against the exaggerated interpretation which might be put upon our words 
or derived from the sections we describe. The great transverse fissure in these 
older rocks which offers a passage to the Rhine, in exposing the strata on its ab- 
rupt sides, convinced us of the vast thickness to which the strata must have been 
successively accumulated ; although at the same time it taught us that they have 
been subjected to many convolutions, breaks and repetitions. Making, however, 
every allowance for such phznomena, as well as for the repeated interference 
of volcanic rocks (with evidences of which the region is replete), we were still 
enabled to detect certain dominant points of flexure, and to establish certain centres 
of elevation, by which the thickness of the fossiliferous grauwacke of the Rhine, 
which we place on the parallel of the Silurian system, is proved to be enormous}. 

* For example, in this part of the series we meet with two species of small Orthis, one very closely 
allied to Orthis orbicularis, and the other to Leptena ( Orthis) lata of the Silurian system. 

+ Delthyris macroptera and D. microptera are considered by MM. de Verneuil and d’Archiac as one 
species, and as the Spirifera macroptera of Goldfuss. 
¢ According to barometrical admeasurements of Berg Meister Schmidt, the river Sieg below Siegen is 


714, and the Dill at Dillenburg 679 feet above the sea. The height of the ground between the two 
towns near the Kalten Eich is 1773 feet. The altitudes of the hilly region may be said to vary from 
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The country around Siegen may be considered as one of the great domes of eleva- 
tion of these provinces, the strata of which, after considerable undulations and 
disturbances, plunge both to the N.N.W. and S.S.E. On the north side they are 
covered by the upper bands of grauwacke, flagstone and impure limestone above 
noticed ; and to the south they exhibit, as before explained, a similar ascending 
order into the country east of Dillenburg, where the grauwacke flagstones are sur- 
mounted by the black fossiliferous slates of Wissenbach (Pl. XXIII. figs. 6 and 7), 
followed by the Devonian groups. 

In a country so convulsed and so perforated by rocks of igneous origin, it would 
be indeed unreasonable to expect a perfect symmetry in all the details of the sedi- 
mentary deposits ; thus though several points of elevation may be observed upon 
the Rhine, one for example near Unkel, another west of Coblentz, and a third near 
Caub, between Coblentz and Bingen, none of these lines of disturbance can, we be- 
lieve, be traced for any great distance into the country on either bank of the river. 
In short, we think that many of these parallel lines of dislocation are of short 
lateral extension, and have thus produced a number of undulations, and sometimes 
of complete reversals. If the most patient investigation of the rocks on the deep 
fissures of the Rhine fails to teach us more than this lesson, how hopeless must it 
be to attempt to draw secure conclusions from any evidence to be collected in the 
mterior of this region, where the natural fissures are much less clear and per- 
sistent ! 

These considerations lead us to say a few words upon some of the apparent ano- 
malies of this country, and to endeavour to give some account of the position into 
which the various rock-masses have been thrown. The section (Pl. XXIII. fig. 4) 
exhibits the Silurian Rocks rising into mountain masses with a steady dip to the 
N.N.W., which carries them beneath the Devonian and carboniferous rocks ; and 
this dip is persistent along the whole of the Westphalian frontier, as far as it is 
flanked by the productive coal-field: but these transverse sections, if continued 
further across the mountains towards the south, conduct us through certain 
undulations to a great irregular central area, which forms a kind of mineral 
axis to the whole region. From this wide area of elevation, which may be con- 
sidered, in a general way, to range around the towns of Olpe, Drolshagen and 
Siegen, the dip is reversed to the 8.S.E. And if a section be extended from any 
of the last-mentioned places to the Taunus (a distance of not less than sixty miles), 
by Dillenburg, or Wetzlar, or Dietz, the geologist will find the great southerly dip 


1200 to 1900 feet, four only out of a list of eighty-three heights given exceeding 2000 feet ; the highest 
mountain in the Westphalian country, the “ Kahle-Astenberg,” being 2536 feet above the sea-level; these 
measurements are in Paris feet. The average heights of Nassau, Siegen, &c., are therefore very much 
the same as those of the Silurian region. (See Mr. Murchison’s ‘ Silurian System,’ Map and Tables.) 
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so very prevalent, that were he to depend upon that criterion alone as a proof of 
superposition, he would infallibly be led to a conclusion respecting the thickness 
of the whole series that would be utterly beyond belief. But in this way he would 
be involved in a gross error; for it has been shown that beds of limestone, schist 
and sandstone, forming a peculiar mineral group, and having a peculiar group of 
fossils, are (notwithstanding the prevailing south-eastern dip) repeated at certain 
intervals along the supposed lines of section. 

Thus the Devonian rocks and some of the lowest members of the carboniferous 
series, are (as we have already shown) clearly exposed near Dillenburg and Her- 
born, amid many trappean eruptions and countless alternations of schaalsteins 
or contemporaneous plutonic rocks (Pl. XXIII. fig. 7). Continuing the section 
southwards, the prevalent dip is still to the S.S.E., and yet rocks containing the 
Pentamerus Knightii, and therefore most probably Silurian, are thrown up on one 
point, overlaid again by the Devonian limestones of the Lahn, and containing the 
same fossils which we find in the zones of Brilon and Dillenburg. 

Again, starting from the banks of the Lahn, where the limestones are in a state 
of marble, charged with numerous unequivocal fossils identical with those of the 
Westphalian limestone, and loaded with pure Devonian species, the dip is still to 
the S.S.E., an inclination which is persistent throughout nearly the whole tract 
extending to the foot of the Taunus. So that here again, if we trusted to vertical 
sections, (in a country too where trap rocks, both contemporaneous and intru- 
sive, are for ever protruding to the surface), we should necessarily arrive at the 
conclusion, that the quartz rocks of the Taunus and the associated strata are not 
of higher antiquity than the carboniferous epoch. The fossils, however, which we 
collected in the slaty schists along the northern flanks of the Taunus, at Idstein, 
Usingen, &c., contradict this conclusion ; and the quartzose rocks of the Hunds- 
riick (a continuation of the Taunus) afford, as we shall show. similar and still 
more decisive evidence. These fossils are unquestionably of the same age as those 
of some members of the older fossiliferous grauwacke in the regions above de- 
scribed : and hence we are compelled to conclude, that many masses of the strata 
between the Lahn and the Taunus are in an inverted position; since the De- 
vonian limestones, repeated in several parallels, seem to plunge under the Silurian 
grauwacke*. 


* Weare aware that M. Von Buch has long ago expressed his opinion that the Rhenish strata are not of 
very high antiquity. Professor Noggerath’s works are most full and instructive concerning the mineral com- 
position of large portions of the country bordering on the Rhine, and they must always be referred to as 
early and most important contributions towards a true knowledge of its physical structure. M. Steininger 
must also be cited as having described some of the great calcareous masses we have called Devonian, 
as forming a basin supported by the older grauwacke. We do not think it necessary here to advert to 
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Though we do not wish to fatigue our readers by emptying our note-books of 
their details, yet having made so many traverses, we may advert to some additional 
illustrative districts. The Aggerthal, for example, along great part of which the 
new chaussée from Cologne to Berlin passes, lays open a considerable variety of 
beds of arenaceous grauwacke, schist, hard flagstone, and dull grey-coloured lime- 
stone. The limestone, occurring in large concretionary masses, is often loaded with 
corals. The shales which alternate with limestones are sometimes charged with 
the same shells that characterize the Silurian grauwacke in the country which 
surrounds the Eifel on the left bank of the Rhine ; viz. the same small species of 
Orthis which occurs at Priim ; the small variety of the Terebratula aspera, so cha- 
racteristic of the Silurian system (7. affinis, Sow.); a species of small spinose 
Producta, identical with a shell found in the beds under the Eifel limestone at 
Cronenburgh and at Minster Eifel ; and two Spirifers common in the same tract. 
(See Pl. XXIII. figs. 12 and 13.) 

The above species, with the coral Favosites polymorpha, are singularly abundant 
at Meinershagen and to the north of Gummersbach. Near Engelskirchen the flag- 
stones, sometimes passing into calciferous grits, are largely quarried, and contain 
the Orthis, &c. 

Between Aggerthal and the Westphalian coal-field, we met with many fossils, 
especially in the grauwacke north of Marienheide. They consist of several 
new forms, including the cast of a very remarkable, large Terebratula. And 
we ought not to omit the fossiliferous limestones, alternating with schist and 
sandstone, which are seen in vertical and highly inclined strata on the banks 
of the Lenne above Altena: at Esel for example, where we detected the Caly- 
mene macrophthalma, with flattened Orthoceratites in impure, black, slaty lime- 
stone ; and also near Neunrade, where the beds teem with magnificent specimens 
of corals*. 
many of the details given in his work concerning the age of the igneous rocks of Nassau (which 
have been much criticised, particularly by M. Stifft), our object being simply to call attention to the 
above fact. In his geological description of the duchy of Nassau, M. Stifft has not only presented 
us with a most elaborate mineralogical description of all the rocks of igneous origin, but has also, to 
some extent, expressed his opinion that the uppermost strata of the region, though called grauwacke 
by Becher and other previous authors, are, in reality, the equivalents of overlying deposits of the age 
of those rocks which, in the adjacent countries, support and pass into the carboniferous deposits. It 
is to be regretted that he has not drawn this distinction in his map: but notwithstanding this defect, and 
the entire want of sections, his work is of great merit considering the date of its publication, and is re- 
plete with many important and curious facts concerning the igneous and altered rocks, mineral ores, and 
springs of Nassau. 

* This fine section is laid bare by the cuttings of the new road; and we may here remark, that the 
best sections we found in Westphalia were along the noble lines of new roads cut by order of the Prus- 
sian government. 
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The Silurian rocks of this region are, however, distinguished by one organic cha- 
racter, which has never been observed in deposits of the same age in England. In 
the Rhenish provinces the remains of land-plants occur at intervals throughout 
nearly the whole of the ancient series in which any animal remains have been ob- 
served. From what we had observed in Devonshire, where we found the sandstone 
rocks beneath the culm-measures to contain plants bearing some analogy to those 
of the carboniferous epoch, we were led to believe that in extending our researches 
to distant parts of Europe we might find the equivalents of the Devonian, and per- 
haps even of the Silurian system, to be also characterized by a Flora as well as by 
a Fauna. With the development of vegetable forms among the Rhenish rocks we 
find, as might be expected, traces of carbonaceous matter, one example of which 
has been noted in our description of the Devonian limestones near Bensberg. In 
the Aggerthal we again detected thin courses of carbonaceous matter; and they 
occurred in the vicinity of sandstone, in which we had observed impressions of 
stems and leaves. All the ancient rocks on both banks of the Rhine near Bonn are 
similarly characterized by plants. These forms are generally ill preserved, and 
have not yet been specifically determined by competent botanists: but it is of the 
highest interest to make out whether they are, or are not, identical with any species 
known in the overlying deposits. 

One of the most instructive sections to exhibit the natural relation of the flag- 
stones, sandstones, and schists, to the Devonian limestones, is seen in passing 
from Dietz on the Lahn to the baths of Ems. In this traverse we first see an 
enormous development of glossy slate, flagstones, &c., rising from beneath the 
limestone of Dietz. ‘These rocks are penetrated by many lead veins, and are in 
parts much altered by the intrusion of porphyry and basalt ; but the steady dip to 
the E.S.E., displayed in the rocky cliffs east of Obernhof (though followed by 
some undulations between that village and Nassau), proves that the whole of this 
slaty group is interposed between the Dietz limestone with Devonian fossils, and 
the Silurian shelly grauwacke of the baths of Ems. 

Near the latter place, at Kemmenau and various other quarries, strong beds 
of quartzose grauwacke, sometimes completely arenaceous and alternating with 
schists, contain occasionally impure calcareous courses. In these are often found 
many fossils, which, as a group, are unquestionably Silurian. Among them we 
collected three species of Homalonotus, one of which approaches in character the 
H. Knightii, and we shall hereafter notice them as occurring in the flagstones of 
the Ahr, at Martelange, &c., on the left bank of the Rhine; another is what the 
Germans have published as Asaphus Hausmanni, and a third is largely tuberculated 
on the body like Homalonotus Herschelit, Sil. Syst. The same forms of Trilobite 
occur in the grauwacke which rises from beneath the slates of Wissenbach. These 
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fossils, near the Lahn mouth, are associated with two or three species of Orthis (one 
of which is very near to Leptena or Orthis lata), and also with the very prevalent 
fossils Delthyris macroptera and D. microptera ; they also occur in the arenaceous 
and schistose beds, but chiefly in the form of casts. (See Pl. XXXVIII.) 

Although we do not find among these fossil casts more than two or three forms 
which clearly belong to the published Silurian types of Great Britain, we see at 
once, that the group, as far as regards its fossil shells, is not merely distinct from 
the carboniferous system, but also from the Devonian. A glance at the plates and 
lists of the fossils establishes this point. 

Beds, we consider of a still older date, which rise out on the Moselle and at 
Unkel on the Rhine, contain a vast profusion of a few species of the genus Orthis, 
and assume very much the characters of the lower Silurian rocks, with which 
they have one or two species in common. But, as we have before said, the absence 
of clear subdividing lines, and the great dislocations and convulsions of these 
tracts, forbid us to dwell further upon the descending order, and to restrict our- 
selves to broad distinctions. All that we can say with certainty is, that, of the 
fossil beds in question, those which contain the Homalonoti, Orthocerata, and Pteri- 
nee, indicate the upper Silurian division ; while those which are marked by the pre- 
valence of the genus Orthis indicate the lower. The peculiar shells Delthyris ma- 
croptera and D. microptera occur through such a deep vertical range of the series, 
that they cannot be considered as the types of any one portion of it. We conclude 
therefore, that the slates of Wissenbach, and the shales and schists of similar age 
which underlie the Devonian limestones on the left bank of the Rhine, may repre- 
sent a portion of the upper Silurian group of England; and that the fossiliferous 
grauwacke of the Rhine may as a whole stand both for all the middle and lower 
parts of the Silurian system. 

The presence of certain Trilobites and Orthoceratites, both in the Wissenbach 
slates and in the underlying grauwacke, teach us that some of the races of animals 
entombed in these rocks lived through very long periods of time. Again, we 
repeat that the lithological development of these deposits does not permit us to 
subdivide them into any well-marked physical groups; and hence they are, both 
lithologically and zoologically, much less distinct than the Silurian system of 
England. 


Eruptive Rocks, Mines, Dislocations, &c. 


The short account we have given of the remarkable association of sedimentary 
and trappean rocks in the neighbourhood of Dillenburg, may help to explain the 
relations of similar rocks in other mineralized districts on the right bank of the 
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Rhine. In the tracts north of Siegen and Olpe, bosses of porphyry and green- 
stone protrude at several points. At Bilstein, N.E. of Olpe, the porphyry throws 
off the fossiliferous strata thus : 

Fig. 6. 


Bilstein. 


Shelly Sandstone. 
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Porphyry. 


To the south of the Aggerthal, the mining country near Runderoth is surrounded 
by trappean rocks. According to our friend M. Erbreich, this tract contains arena- 
ceous flagstones and hard dark-coloured limestones (like those we saw in Agger- 
thal) ; but so contorted and mineralized, that the traces of bedding are often lost, 
and the intervals between the masses are filled with great deposits of iron ore. To 
the south-west of this tract are the celebrated Sieben-Gebirge, forming the most 
marked eruptive centre of the whole region, concerning whose basaltic and trachytic 
rocks volumes have been published*. In the districts of the Lahn, but particularly 
on its southern bank, the protrusions of porphyry, greenstone, &c., are most abun- 
dant ; and, as before said, they are accompanied by numerous springs of mineral 
waters. The quartz rocks of the Taunus, which form the boundary of this mine- 
ralized region, represent upon a great scale that which is seen repeatedly in smaller 
areas—the conversion of arenaceous strata into quartz rock. This change we 
consider, in common with M. Von Buch, as due to plutonic agency. 

In a country so much perforated by igneous matter, which has in many places 
communicated a new mineral impress to whole districts, we are prepared to 
admit any change, however great, from the original position of the strata. In 
the second part of this paper, we shall allude to the great inclined basins of Liege, 
and to the methods employed by Professor Dumont of deducing the original 
order of superposition from the symmetrical arrangement of the groups up a 
horizontal section. This method might be applied in Northern Westphalia. But 
in certain parts of Nassau, where the formations are contorted on a great scale 
and often inverted—shattered by the protrusion of countless trappean rocks, and 
so mineralized that the very beds can no longer be distinguished—buried under 
tertiary deposits or covered by alluvial drift,—in many such places it would, we 
believe, defy the most patient observer to collect the disjecta membra of the coun- 
try, and arrange them in any approach to symmetry. 


* See Professor Noggerath’s works; also Mr. Horner's Memoir on the neighbourhood of Bonn, 
Geol. Trans., 2nd Series, vol. iv. p. 433 et seq., 1836. 
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Even in those districts where the igneous rocks have not risen much to the 
surface, the strata are continually seen in the most convulsed positions. 'The 
banks of the Lahn between the baths of Ems and the mouth of the river offer 
striking examples of contorted strata. In one spot near Horein, laid open by a 
new road, we found the harder arenaceous beds wedging out among the slates, 
while the whole mass was highly inclined, broken, and contorted. 


Fig. 7. 


Banks of the Lahn near its mouth. 
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Our woodcut represents these appearances on the face of a rock not more than 
thirty feet high and fifty feet wide. 

At the iron works still lower down the Lahn, the fossiliferous flagstones (charged 
with Delthyris, Homalonoti, &c.) are in vertical masses, the higher ends of which 
stand up like prisms of basalt ; and the faces of the beds, showing the strike to 
be N.N.E. and 8.8.W., are nearly at right angles to the general bearing of the 
country. 

At Ehrenbreitstein (see woodcut, fig. 8.) the fortress stands upon beds dipping 
from 50° to 60° to the north; while the little forts a few hundred yards to the south 
of it are separated by a great fault, and are on beds which are almost horizontal. 
Further north the strata are violently contorted and nearly vertical. 


Fig. 8. 


Dislocations and Contortions at Ehrenbreitstein. 


N. Ehrenbreitstein. Forts. Ss 


These are examples, on a small scale, of the dislocations to which the rocks 
above described have been subjected. But it would be idle for us to accumulate 
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many such, as they recur perpetually. We will, however, illustrate by a woodcut 
one more example of contortion and fracture, taken from the banks of the Moselle 
opposite Braideburg. Beds of arenaceous and slaty grauwacke alternate, and are 
violently contorted ; and in one part of a lofty cliff they are broken off and co- 
vered transversely by another series of slaty beds of the same age (see woodcut, 
fig. 9.). 


Hie. Or 


Dislocation on the banks of the Moselle opposite Braideburg. 


Dip N.W. 


The dislocations, such as are here noticed, and still more the contortions on a vast 
scale, which have inverted whole tracts of country, would have thrown such diffi- 
culties in our way, that we could not have attempted to place, even in an approxi- 
mate order, the formations above described, had not the less disturbed sections in 
a part of Westphalia given us the master-key to the true succession of the sedi- 
mentary Paleozoic rocks of these provinces. 

In traversing the Rhenish tracts, we repeatedly noticed the overlying ter- 
tiary deposits of sand, conglomerate, and brown coal, often associated (as in the 
Westerwald around Rennerod, &c.) with great tabular eruptive masses of ba- 
salt; but it is not our object to treat of these deposits, and they have been 
elaborately described by Professor Noggerath and other German authors. Our 
own countryman, Mr. Horner*, has given us some new views concerning both their 
contents and their relations to the interpolated igneous rocks near Bonn. It is 
enough for our present purpose simply to state, that between these recent tertiary 
formations and the Paleozoic rocks, all connecting links, in the form of interme- 
diate secondary strata, are entirely wanting in the mountainous provinces of this 
part of Germany. 


* Geol. Trans., 2nd Series, vol. iv. p. 433 et seq. 
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PART II. 
(Map, Plate XXIV., and Pl. XXIII., Sect. 10, 12, 13 and 14.) 
Older Formations on the left Bank of the Rhine, &c. 


We now proceed to describe the older formations on the left bank of the Rhine, 
including under that name,—Ist. All the formations between the great coal-field of 
Belgium and the south-eastern flanks of the Ardennes. 2ndly. The rocks of a 
corresponding age which extend from the coal-field of Liége to the Eifel. 3rdly. 
Those from the ridge of the Eifel to the chain of the Hundsriick. The great tract 
of country we are considering is bounded to the north-west by the coal-fields of Liége 
and Namur; to the S.W. and S. by the secondary rocks of the upper Meuse, and a 
part of the basin of the Moselle; to the S.E. by the great Saarbriich coal-field of the 
Palatinate ; and to the E. and N.K. by the valley of the Rhine between Bingen and 
Bonn. It would hardly have been possible for us during one summer to make out 
the natural groups of rocks, and their relative age, in such a great and intricate 
country ; but this task had already been accomplished by Professor Dumont, as far 
as regards the successive groups between Namur and the chain of the Ardennes 
on one side, and between Liége and the country of the Eifel on the other. It is only 
in describing the formations between the Eifel and the Hundsriick, and the various 
groups of rock which appear on the left bank of the Rhine between Bonn and 
Bingen, that we have to rest chiefly on our own personal observations. 


Carboniferous Rocks of Belgium. 


The coal-field of Belgium, like the coal-field of Westphalia, is bounded to 
the north by overlying cretaceous and tertiary deposits: but in endeavouring 
to connect the respective coal-fields with the inferior formations, we meet with 
incomparably greater difficulties in Belgium than are presented by the traverses 
through the regularly descending sections of the parts of Westphalia we first 
examined. These difficulties arise out of the enormous derangements of the 
strata ; for not only are they violently contorted ; but being often elevated through 
vertical angles of more than 90°, their relative position, as seen on the natural sec- 
tions, become inverted, and we can no longer trust our ordinary criterion of super- 
position. For example, in crossing the Ardennes, we found between Arlon and 
Bastogne a prevailing dip to the §.S.E.; but, after reaching what we at first sup- 
posed the centre of the chain, we in vain looked for a mineral axis indicated by a 
reversed dip. The prevailing dip continued the same even to the confines of the 
Belgian coal-field ; nor did the difficulty end there, for, with local exceptions, the 
whole southern skirt of the Liége coal-field is in a reversed position. Hence we 
might establish a series of vertical sections ; from which, if we had no other evi- 
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dence to rest on, we might infer that the whole coal-field of Liége was inferior to 
mountain limestone, and the terrain anthraxifére of Dumont; and this system 
again inferior to all the slate rocks composing the chain of the Ardennes*. And 
how are we to rid ourselves of this monstrous conclusion ? 


The answer to this question is given in the details published by Professor Dumont, and to them we 
must refert. But we may be permitted briefly to touch upon it, not only as a subject of great import- 
ance, but as one which admits of very imperfect illustration among the less disturbed sections of En- 
gland. 

When strata assume a basin-shaped arrangement, we generally find them in this Island dipping towards 
a centre, which is within the superficial limits of the basin (fig. 10 a.); and a line drawn near the centre of 
such basin at right angles to the beds composing it would be nearly in a vertical position. Such a line 
may be called the ¢ransverse awis ; and such basins (around which the forces of elevation must have acted 
with nearly equal intensity) may be called upright basins. But we are under no necessity to limit the 

forces of elevation (or of subsidence, for the remark applies to both) in this manner ; and we can readily 
suppose elevatory forces to move the masses on one side through a vertical angle of more than 90°; 
while, on the other, the corresponding masses are only moved through a small angle. Still we have a 
basin-shaped arrangement: the lines of dip converge towards a centre, which is, however, no longercon- 
fined to the superficial limits of the basin; and the ¢ransverse axis will be more or less inclined to the 
horizon. Such a one may therefore be called an inclined basin (fig. 10 b.); and it is perfectly obvious 
that vertical sections taken from opposite sides of it will appear directly to contradict one another. 


Fig. 10a. Fig. 108. 
Upright basin. Inclined basin. 
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But, in addition to the vertical sections, every country gives us also, in greater or less perfection, a 
series of, what we may call, horizontal sections, by help of which the original superposition may often be 
determined : for it is obvious that, however great and complicated the contortion of any conformable 
series of strata, they must appear on the horizontal section in the actual juxtaposition they had before 
their disturbance. Hence they will appear at the actual surface in a kind of symmetrical arrangement, 
out of which we may determine a true consecutive geological series; and if we have any means of deter- 
mining the true relations of the highest or lowest groups, we at once determine the true relations of the 
whole series. Thus M. Dumont, by the careful examination of natural sections, determined a number 
of natural mineralogical groups, and following them on their lines of strike, he succeeded in placing them 
in symmetrical position on the map, or horizontal section. Considered in this way, the coal-field of Liége 
became only a very complicated case of an oblique basin, or series of basins; and the same groups of 
rocks which, on the south of the field, seemed to repose on the coal measures, were seen, on its north 


* See Pl. XXIII. fig. 12, where the upper beds are reversed. 
+ Mémoire sur la Constitution Géologique de la Province de Liége, 4to, Bruxelles, 1832. 
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side, to rise (in their true natural order) from beneath them. (See Pl. XXIII. fig. 12.) This mode of in- 
vestigating the relation of contiguous groups of strata is obviously not confined to mineral basins, but 
admits of very general application. And before we quit the subject we may remark, that the evidence 
of superposition, obtained by this laborious method, cannot long be in conflict with that derived from 
vertical sections. For violent dislocations, such as we are considering, are but of limited extent; and as 
‘soon as we have passed beyond them, the formations are seen in their natural order, and the superposi- 
tion becomes at once defined by the phenomena of a single vertical transverse section. 


§ 2. Successive Groups between the Coal-field of Liege and the Ardennes, &c. 


Leaving the Belgian coal-field, let us next consider the successive groups of strata 
‘ on the side of the Ardennes, and along the sections from the neighbourhood of 
Liége to the Eifel. This coal-field forms the first terrain of M. Dumont, and by 
whatever line we make our traverse from it to the centre of the Ardennes, we find 
it succeeded by a second group of strata, the terrain anthrawiféere of that author, 
which is composed as follows :— 

An upper limestone (the mountain limestone of England), (systéme calcareux supérieur). 

A group of flagstones and earthy slates (systéme quartzo-schisteux supérieur ). 

A lower limestone (systéme caleareux inférieur). 

A series of grits, flagstones, and slates, of more complicated structure than No. 2, and sometimes 
having subordinate masses of coarse conglomerate (systéme quartzo-schisteux inférieur ). 

This terrain anthraxifere ranges on the side of the Ardennes symmetrically with 
the coal-field, but is not limited by it ; as its lower members extend far beyond the 
bounds of the true carboniferous strata. 

The preceding terrain passes, by absolutely imperceptible gradations, into a third 
group of strata (the systeme ardoisier supérieur of M. Dumont), occupying a regular 
zone on the horizontal section. 

Again, this third group is succeeded by a fourth (the systéme ardoisier inférieur of 

Dumont), composed of fine roofing slates, alternating with great beds of quartzite, 
of more ancient aspect than the preceding, and forming the central mass of the 
Ardennes, as proved by following the respective systems on their lines of strike. 

In the very centre of the Ardennes, and surrounded by the ordinary rocks of 
the 4th group, are some slates of unusually crystalline structure, and containing 
in some places an incredible quantity of small crystals of octohedral magnetic iron 
ore ; in other places numerous crystals of ottrelite, or numerous red stains, appa- 
rently derived from some decomposing ferriferous mineral. These peculiar slates, 
and the associated quartzites, are placed by M. Dumont in a 5th group. Led by 
the physical structure of our own country, and the fact that beds of porphyry ap- 
pear among them in the great gorges of the Meuse, we should rather consider 
them as a lower and altered portion of roofing slates of the Ardennes. This is, 
however, a question of little moment; for these crystalline slates form a geo- 
logical centre ; and in whatever direction we take our departure from them, the 
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successive groups (as far as they are exhibited) are in the ascending order of the 
series above given. 

For example, if from this centre we ascend the gorges of the Meuse towards Mezi- 
éres, we pass in succession over the 4th and 3rd groups, when the series is inter- 
rupted by the unconformable junction of secondary strata. If, on the contrary, we 
take any line of traverse down the basin of the Meuse, toward the Belgian coal-field, 
we cross in regular ascending order the several groups of deposits (before enumera- 
ted), ending with the carboniferous system. Now these groups or systems are ar- 
ranged symmetrically, are conformable to, and pass into, one another. They can 
therefore only belong to a consecutive series of deposits ; and as we are certain of 
the relative ages of the carboniferous system, and that which is next in order, we at 
once conclude that we have from that system, to the very centre of the Ardennes, a 
true descending section. And thus we bring the geological sequence into harmony with 
the mineralogical phzenomena; which never could have been done, for reasons already 
stated, by examining the superposition of the beds on any one line of traverse. 

The central crystalline schists, above mentioned (roches aimantiferes, &c., of 
M. Dumont), do not form any distinct continuous ridge, but break out here and 
there, nearly along the prevailing line of strike, and with the relations above in- 
dicated. ‘heir last appearance towards the N. E. is in a wild mountainous tract 
near Recht, a village eight or ten miles south of Malmedy; and taking these slates 
as a centre, if we make traverses from them to any part of the Liége coal-field, we 
cross the 4th, 3rd, and 2nd groups, above enumerated, and so pass into the Ist or 
carboniferous system. The groups are conformable, continuous, and pass insensibly 
one into another. They must therefore belong to an uninterrupted geological se- 
ries ; and we determine the superposition, as before, not by the evidence of vertical 
sections, but even in some cases in direct opposition to it; for the magnificent 
sections seen in the various gorges, as we approach the coal-field of Liége, generally 
exhibit an inverted series*. 

In making another traverse from the same geological centre, near Recht, to the 
limestone of the Eifel, we cross, in regular ascending order, the two zones of roof- 
ing slate (groups 4 and 3) ; and then, after passing over the lowest division (systéme 
quartzo-schisteux inférieur), finally arrive at the lower limestone of Dumont’s 
second system (terrain anthraaifére). Thus we have another proof of the truth of 
the greater part of our geological sequence ; and, as far as the section is complete, 
we obtain also a new proof of the true order of superposition: for on the Eifel side 
the beds are no longer inverted ; and the evidence derived from considerations of 
symmetry in the horizontal distribution of the mineral masses is in perfect accord- 
ance with that which is given by the clear vertical sections. 


* See Plate XXIII. fig. 12. t See Pl. XXIII. fig. 12. and fig. 14. 
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So far we have been explaining the views of Prof. Dumont by applying them 
to lines of section which we personally examined. With very limited exceptions 
we adopt his successive mineral groups; and we think, beyond all shadow 
of doubt, that he has (somewhat in the manner pointed out) determined their 
true order of superposition, which we shall therefore assume at once as a mat- 
ter proved. Had not his methods been so very different from those we com- 
monly have recourse to in this country, we should not so long have dwelt upon 
them ; and we can only further refer our readers to his published works. Our 
next object must be to bring these several groups or systems into comparison 
with their British equivalents ; and this must be done chiefly on the evidence of 
fossils. 


Description of the successive Groups. 


1. We need not dwell on the carboniferous system of Belgium, because there are no doubts respecting 
its relations. For the same reason we may pass over the upper limestone of the terrain anthraxifere, 
as it is the undoubted equivalent of the English carboniferous limestone. It may seem strange to an 
English geologist, that this limestone should have been grouped in a system inferior to the carboniferous : 
but in Belgium we have no beds of coal alternating with the limestone, and forming a passage into the 
richer and higher part of the coal-field; and the upper and lower limestones have so many analogies, 
especially in lithological characters, that, with reference only to Belgium, we think this classification 
by no means unnatural. It is hardly necessary for us to add, that, as English geologists, we should of 
course strike off the upper limestone from the terrain anthraxifére, and group it with the carboniferous 
system. 


2. The next descending group is the systéme quartzo-schisteux supérieur, which we must describe 
very briefly, as our limits allow of very few details. It is separable into two very distinct members,— 
an upper and alower. The upper division is chiefly characterized by an open-grained, yellowish sand- 
stone (psammite de Condroz), sometimes passing into a hard grey micaceous flagstone, not unlike a coal- 
measure flagstone. The yellowish beds are meagre to the touch, and are generally rather soft and earthy, 
and have subordinate bands of greenish grey indurated shales or mudstones: among them also are rarely 
found some bands of a rotten cellular psammite, with many casts of fossils, among which we at once 
distinguish Terebratule, three or four species of Spirifere, and small investing corals. The higher 
parts of this upper division are generally harder and thicker-bedded than the lower; but on ap- 
proaching the mountain limestone they are seen to alternate with courses of shale. The shales also 
begin to alternate with beds of limestone; and the two systems are thus linked together by a gradual 
passage, showing that the deposits were absolutely continuous. A few obscure impressions of plants 
are found in this upper division; and its thickness in the neighbourhood of the Chateau d’Halloy 
may be about 1500 feet. As some of its fossils cannot be distinguished from those of the carboni- 
ferous system, into which it forms a true passage; and as it does not contain, as far as we know, a 
single Ludlow rock fossil, it is impossible to consider it as older than the upper part of the old red 
sandstone, and indeed it is very doubtful whether some English geologists would not arrange it with the 
mountain limestone. 

The lower division of this system (systéme quartzo-schisteux supérieur) is also composed of alternating 
beds of psammite, and of an indurated shale or earthy schist ; but the latter is more abundant than the 
former ; and indeed this whole inferior group is characterized by the great quantity of greenish-grey, 
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or dirty greyish-green, earthy schist or mudstone, extremely resembling many of the most characteristic 
varieties of Ludlow rock*. Its whole thickness must be very great, though difficult to compute cor- 
rectly from the number of undulations. Through the intervention of beds of hard grey sandstone it 
passes, in some places, into the upper division of yellow psammite (above described): and near the 
same part of the series are sometimes seen calcareous bands with numerous organic remains, especially 
Terebratule and Spirifers. Still lower in this division (for example, on the road from Liége to Spa, 
and on the road from Liége to Marche-en-Famenne) are found calcareous bands, and beds of calcareous 
shale, sometimes of a reddish colour, with many calcareous concretions, and associated with these are 
numerous organic remains. The species are enumerated in the accompanying lists. But we may ob- 
serve, by the way, that neither in the yellow psammites of the upper division, nor on any part of the 
calcareous and fossiliferous earthy schists of the lower, did we find a single Upper Silurian fossil. Coupling 
this fact with the passage of the upper part of the formation into the mountain limestone, we reject any 
inference which may be drawn from a mere mineral resemblance of the lower beds to certain portions of 
the Ludlow rock ; especially when we consider how inconstant are these mineral characters in our own 
country, and how utterly unlike the upper Silurian rocks of Westmorland are to those of Shropshire, 
Herefordshire, &c. 


3. Having thus, we think, proved that the second member of the terrain anthraxifére of Prof. Dumont 
is clearly not the equivalent of the Ludlow rock of the British Silurian system, we now proceed to notite 
the two inferior divisions, which are considered by him as the equivalents of the Wenlock limestone and 
Caradoc sandstone. The lower limestone of Belgium rises immediately from beneath the formation last 
described, without any break of continuity or any appearance of interrupted sequence. It is a formation 
well defined in character and of great thickness. It is distinguished from the mountain limestone by its 
position, and partly also by its structure ; for it is, on the whole, closer grained, and has often a kind of 
scaly fracture, resembling, in that respect, certain varieties of South Devon limestone. It sometimes 
also puts on a kind of slaty structure, often seen in old limestones alternating with schistose rocks, but 
very seldom found in true mountain limestone. It is also entirely distinguished from that limestone by 
its corals (Favosites polymorpha, Stromatopora concentrica, &c.); in which respect it is identical with 
the South Devon limestone, and also with the great lower limestone of Westphalia, described in the 
former part of this paper. Its colours are however very variable ; and it has dark carbonaceous beds 
(hence its name anthraxifére) which burn to a white lime, and are not distinguishable from common 
varieties of carboniferous limestone: and moreover it has, in a few places, like that limestone, thin- 
bedded and close-grained masses of a dark colour and conchoidal fracture, which are polished for black 
marble. Such is the position, and such are the prevailing characters of the lower Belgian limestone. 
Its fossils are given by M. Dumont, and have been discussed by Mr. Lonsdale ; and appeared to us un- 
equivocally the same (considered as a group) with those of the great lower Westphalian limestone (of El- 
berfeldt, Iserlohn, &c.). Hence all the arguments by which we endeavoured to prove the age of the 
latter, may here be applied to determine the epoch of the former. In short, it is in position on the sec- 
tions, in its structure, in its great extent, and in its group of fossils, a true Devonian limestone: and we 
shall further recur to this subject, after we have, in the progress of this paper, noticed the Eifel limestone. 


4. We must in the next place shortly notice the lowest formation of the anthraxiferous system of M. Du- 
mont. It is essentially composed of psammites and schists. The psammites pass into beds of hard, siliceous 
flagstone and strong beds of gritstone; and in some places (chiefly in the upper portions of the formation) 
into beds of coarse conglomerate, which are sometimes of a grey, and sometimes of a brownish red 


* It was the lithological resemblance of these beds to the Ludlow rock which induced M. D’Omalius 
D’Halloy and M. Dumont to identify them with that deposit. 
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colour. The schists pass into arenaceous shales alternating with flagstones; and at their lower boundary 
pass into slaty masses which blend themselves with, and are inseparable from, the upper slate rocks of 
the next lower system (systéme ardoisier supérieur of M. Dumont). 

Considered as a whole, this formation is harder and more siliceous than the upper quartzose schists 
above described. It is also distinguished (though to this remark there are many exceptions) by the red 
colour, not merely of the conglomerates above noticed, but also of the flagstones and shales, which some- 
times are both red and variegated*. These colours are most prevalent within a certain distance of the 
limestone, and disappear in the descending sections. The flagstones and associated arenaceous shales 
are, however, often of a grey, yellowish-grey, and greenish-grey colour, and sometimes pass into the condi- 
tion of an earthy mudstone, like the upper Silurian rocks of England. Occasionally (though not com- 
monly) traces of an oblique cleavage may be seen among the more slaty masses, and the whole is often 
divided by a double system of joints. And we may remark, that such joints cut through the conglome- 
rate beds by regular plane surfaces which continue their course through the imbedded pebbles without 
any interruption ; thereby showing that the force which produced the joints was of the nature of a me- 
chanical tension (by what cause produced we do not now inquire), and not derived from any direct 
molecular action of the particles composing the jointed masses. 

The formation is of great thickness in Belgium ; but, as far as we are able to interpret the sections, it 
is vastly thicker, and also more calcareous and fossiliferous, in the country south of Westphalia, and also 
in the country surrounding and dipping under the Eifel limestone. 

For the fossils of this formation (which are difficult to procure, and of which we brought away hardly a 
single specimen) we must refer to the lists of M. Dumont ; and also to our lists, derived from rocks of the 
same age, beyond the limits of the country we are now considering. As we can show that the formation im- 
mediately below it is unquestionably Silurian, we are justified in placing it between the undoubted Devonian 
and Silurian rocks. But where shall we draw the line of separation? We shall endeavour to find an answer 
to this question in evidence afforded by the sections of the Eifel and the Rhenish provinces, which are 
more complete. Meanwhile we may observe, that the mineral character of the red conglomerates which 
appear below the inferior limestone, formerly led M. Dumont (to whom we may add M. Rozet and other 
observers ) to regard them as the representatives of our old red sandstone. We have not any great ob- 
jections to this view; and adopting it hypothetically, we should place the conglomerates and the coarse 
hard beds which occur in the upper part of the formation we are now discussing at the base of the De- 
vonian system (or old red sandstone). On this view, it follows that the inferior Belgian limestone and 
all the overlying deposits up to the base of the superior (or true mountain) limestone must represent the 
middle and upper portions of the old red sandstone. Nor do we think it any objection to this deter- 
mination, that the assumed base line cuts through a natural mineralogical group, so as to place its upper 
and lower portions in two distinct systems ; for the same objection may be made to the zoological sub- 
divisions of the deposits in the Paris basin, as well as to some of the lines separating the secondary 


formations of England. 


We endeavour to show that the transition formations of the Continent, com- 
mencing with the mountain limestone and descending to the lowest fossiliferous 
deposits, form one vast uninterrupted sequence, with no universal and well-defined 
subdivisions : and we also attempt to show that the natural groups of fossils follow 
a similar law. The mineralogical groups and the fossil groups being both founded 
in nature, and presenting an actual sequence, agree in the general and broad con- 


* See Plate XXIII. fig. 12. 
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clusions to which they lead us; but they naturally and necessarily differ when we 
come to questions relating to minute subdivisions. 

The actual sequence of the deposits, and their relative order in an ascending or 
descending series, can only be made out, in the first instance, by the examination 
of true mineral groups and natural sections. And such groups are of inestimable 
value in making out the relations of physical regions, either actually continuous, 
or not very widely separated from one another. But as all such groups are the 
results (at least in a great measure) of mere local mechanical causes, we might 
infer hypothetically (what indeed we know by experience), that even among forma- 
tions undoubtedly of the same age, an agreement in the minute subdivisions is not 
to be looked for. We do not find such an agreement between the subdivisions of 
the Silurian system in Herefordshire, Shropshire, and North Wales ; still less do 
we find any exact mineralogical agreement of these subdivisions, as developed in 
a part of Lancashire and Westmorland. 

In questions of doubt, the mind naturally seizes on the first analogies that pre- 
sent themselves ; and we think it was perfectly natural for Monsieur D’Halloy and 
Professor Dumont to classify the three lower members of their terrain anthraaifere 
respectively with the Ludlow, Wenlock and Caradoc formations of the Silurian 
system: and we were so far misled by the beautiful analogy which seemed to be 
presented by the mineralogical development of the region, that we were disposed 
to adopt this view after our first examination of the Belgian sections, though it 
threw our previous classifications on the right bank of the Rhine into great diffi- 
culties. Our present classification not merely relieves us from these difficulties, but 
appears to be based on a sound induction from all the facts of the case ; and with 
this remark we pass on to a brief consideration of the lower Belgian formations. 


5. Upper Division of the Terrain ardoisier of the Ardennes, §c.—This formation is, in its upper mem- 
bers, blended with the base of the formations already noticed, and its lower members graduate insensibly 
into the central and more crystalline slates of the Ardennes (or systéme ardoisier inférieur). It has been 
shown by Professor Dumont to occupy the position thus indicated ; to be wrapped round the central 
slate rocks of the Ardennes ; and in a similar position to surround the central masses that appear in the 
prolongation of that chain towards the Eifel. As our several traverses only tended to confirm the 
general justness of his views, we accept them without hesitation. But there is another question, what 
are the British equivalents of this formation? In replying to it we can only appeal to our fossils, unfortu- 
nately very few in number, and to the fossil evidence offered us by Professor Dumont and some other 
geologists. But we shall afterwards confirm our views by an appeal to other evidence, derived from the 
fossils in analogous beds under the Eifel limestone ; and by the general structure and relations of the 
Rhenish provinces (out of the limits of Belgium), in which fossils are more abundant. 

In the first place, then, we found in several parts of this formation large winged Spirifers (Delthyris 
macroptera of Goldfuss, &c.) of species unknown in England, but analogous to forms which, on the 
right bank of the Rhine, we have shown to be associated with known Silurian fossils. For example, 
specimens of this kind have been found at Houffalize, Wiltz, Weidinza, Longwily, &c., places on the 
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formation we are considering. Again, at Martelange, on the south flank of the Ardennes, and in this 
upper zone of slates, we find several species of fossils; e. g. 

(1.) Beautiful starred Encrinites, like those (figured in our Deyonian paper) which were found near 
Looe in Cornwall, in a rock considerably inferior to the Plymouth limestone *. 

(2.) Two species of Orthoceras, and one we think identical with Orthoceras articulatum of the Ludlow 
rock. 

(3.) A trilobite not easily distinguished from Homalonotus Knightit of the Ludlow rock. (Fig. 11.) 


Fig. 11: 


These fossils (and some others which we saw in the museum of Namur through the kindness of Pro- 
fessor Cauchy) first led us to think that the slaty zone we are considering was partly Devonian and partly 
upper Silurian ; we afterwards, however, modified our opinion, finding that certain forms found in only 
the highest part of the Silurian system in England, are more widely diffused, and descend into the lower 
part of it on the Continent. On the whole, we conclude, partly on direct evidence and partly on ana- 
logy, that the upper slate zone (systéme ardoisier supérieur) of Belgium and the Ardennes (and with it we 
would also class the lower part of the formation immediately overlying it) is of the Silurian age, though 
its mode of development offers us no means of separating it into distinct groups; and thus the whole fos- 
siliferous system, from the mountain limestone downwards, forms one connected and natural series. 


6. It is in vain for us to enter on any details respecting the oldest slate rocks of the Ardennes, and of 
the country between Liege and the Eifel, as we have not obtained a single fossil from them. As, how- 
ever, they form only the last term of a connected series and immediately succeed the Silurian system, 
we see no reason for placing them lower than the upper Cambrian system. Their mineral character op- 
poses no difficulty to this view, as we know by the analogies presented by the slate rocks of our own 
country, how impossible it is to determine their age by mere considerations of mineral structure. 


Before we quit the consideration of the Belgian rocks, we may, however, notice the 
beautiful structure of the old slates of Recht, which form the axis of the country south 
of Malmedy+. The slates are obtained by planes of cleavage distinct from the beds, 
and sometimes dipping to an exactly opposite point ; and the true bedding is marked 

* See Geol. Trans., vol. v. Pl. LV. fig. 8. + See Section 12, Pl. XXIII. 
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on the slates by the usual appearance of a stripe, or sedimentary line. In addition 
to the main cleavage there is in some of the quarries a distinct second cleavage, 
indicated by an infinite number of minute striz, which may be traced even through 
the minutest portions of the slates. This shows that the stri@ and second cleavage 
were derived from a true molecular action, quite different from the mechanical ten- 
sion which has so often produced large open joints. ‘The second cleavage is not 
sufficiently perfect to produce any roofing slates, and indeed in some measure in- 
jures those obtained from the first and ordinary cleavage ; for all the slates have a 
tendency to break off at the regular planes presented by the second cleavage. 
Large masses of the rock had, in some places, slid off in the quarries at one of the 
second cleavage planes ; which, being highly inclined to the horizon and nearly 
transverse to the bedding, gave the appearance of regular dip-joints. But they 
are not joints in the common acceptation of the term, and they are cut at a small 
angle by nearly vertical true dip-joints ; which, as usual, intersect both the beds 
and cleavage planes without deviating from their course. We have never remarked 
phenomena such as these in Cumberland, Lancashire, or North Wales; but ina 
previous paper we noticed similar (though in their kind less perfect) appearances 
on the coasts of Devonshire and Cornwall*. 


Eifel, Banks of the Rhine, Basin of the Moselle, &c. 


We have before stated, that if we commence with the oldest slate rocks near 
Recht, and make two ascending sections, one to the lower limestone of Belgium, 
and the other to the limestone of the Eifel, we pass through the same succession 
of depositst. Hence we might conclude, on the general evidence derived from 
this physical structure (and the conclusion is also borne out by the fossils), that the 
two limestones are on the same parallel. On this point, indeed, there seems to be 
no difference of opinion. Now in the whole region, extending through the basin 
of the Moselle to the Hundsriick, and on the left bank of the Rhine from Bonn to 
Bingen, there are no repetitions of any great limestone groups; such as are seen 
in the Eifel, and on the other bank of the Rhine along the drainage of the Lahn, 
and in the mineral country of Dillenburg. In short, all the deposits of the regions 
above alluded to, on the left bank of the Rhine, are inferior to the Eifel lime- 
stone, which may therefore be assumed as a fixed point of departure in the de- 
scending sections. 

One of the chief masses of this limestone (see Map, Pl. XXIV.) occupies an irre- 
gular elliptical area, the longer axis of which extends from a point a little S. of 
Schénecken to a point about two or three miles N.E. of Miinster-Eifel, and is sur- 
rounded by the formations which are immediately inferior to it. Its true position 


* See Geol. Trans., vol. v. pp. 656 and 658. + See Pl. XXIII. fig. 12 and fig. 14. 
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is very clearly exhibited in a section* we have drawn from the Schnee-Eifel to the 
hills of Schénecken. The limestone is not, however, expanded continuously through 
the whole elliptical area, but is thrown into violent undulations, which here and 
there bring the lower rocks to the surface ; so that it becomes resolved into three 
or four distinct and irregular troughs (see Map, Plate XXIV. and Sections 12 and 
14, Pl. XXIII), all presenting the same general relations. 

Again, it has been pierced by comparatively modern volcanic vents, and is in. 
terrupted by volcanic cones and the remnants of streams of lava; and in some 
places, especially on its eastern limits, it is covered up for miles together by lava, 
cinders, scoria, and other volcanic ejections. But these materials, though they 
greatly add to the difficulty of making out the details of the country, do not disturb 
the general relations of the formations through which they have forced a way to 
the surface. 

Near Miinster-Hifel, in consequence of the extreme contortions, all the forma- 
tions, for several thousand feet of thickness and a range of several miles, are in a 
reversed position, as indicated in the woodcut, Fig. 12. 


Fig. 12. 
Weingarten. Minster-Eifel. 


Strata in order, Strata inverted. 
7. Devonian limestones, &c. 8. Silurian grauwacke, &c. 
The figures 7 and 8 are those used in the Map to distinguish the formations. 


This anomaly must have been produced by disturbing forces which acted during 
ancient periods, long anterior to the comparatively modern volcanic vents ; and as 
we follow the beds along their strike, the limestone is seen gradually to recover 
its natural position ; so that near Sétenich it occupies a trough as clearly defined 
as the one we have indicated near Priim and Schonecken. (Pl. XXIII. fig 14.) 


The limestone is of very great thickness ; for on some of its outskirts there is a succession of great mural 
precipices, showing on one single spot several hundred feet of strata ; and how far such sections are from 
reaching the highest beds of the formation it is no easy matter to determine. The limestone is composed 
of two principal varieties, common limestone and dolomite ; the former not to be distinguished in its mineral 
character from the great lower limestone of Westphalia and Belgium; the latter sometimes hard, cry-, 
stalline, and marked by many beautiful impressions of corals—sometimes cellular and without any distinct 
traces of bedding—occasionally like a mass that is half brecciated and half concretionary, and sometimes 
quite earthy and incoherent, so as to resemble the pulverulent beds in our English formations of mag- 
nesian limestone. As a general rule (to which, however, there may be exceptions), the dolomites are 


* See the Map, Pl. XXIV. and Section, Pl. XXIII. fig. 14. 
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in the upper part of the series, occupying the central portions of the several troughs; while on the 
outskirts of the formation we often see masses of unaltered and well-bedded limestone rising from beneath 
the great ridges of dolomite, and so forming the base of the troughs. 

It is hardly possible to resist the impression that a great part of this formation has an altered 
structure; and when we remarked the numerous lofty cones of cellular and basaltic lava which studded 
many parts of the region—the great inverted cones breaking through the limestone, and containing cin- 
ders, scoria, and other indications of ancient voleanic vents—the great fissures in the Dolomites of Gerol- 
stein, through which streams of lava and masses of scoria have mounted to the surface—above all, when 
we considered the wide-spread volcanic products which for several leagues cover up the whole eastern 
limits of the formation, we at first thought that we had before us the obvious causes of all that complexity 
of mineral structure which we have noticed. 


Fig. 13. 
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Subsequent observations induced us to modify this opinion ; for Dolomites occur at great distances 
from any of the modern volcanic vents. Moreover, these vents have produced a very small effect on the 
strike or inclination of the beds in any of the older formations*. Hence it is probable, that the chief mine- 
ralization of the Eifel limestone took place during some of those early periods of plutonic disturbance, 
during which the older strata of the Rhenish provinces were elevated and contorted. Before we quit 
this subject, we may remark, that the causes which mineralized the rocks of the Eifel may, perhaps, have 
driven off the carbonaceous matter they once contained ; for we find among them none of those black 
beds which are so frequent in the lower limestones of Belgium and Westphalia. 

Many of the fossils of the Eifel limestone are well known, among which are found certain Silurian 
species. These are however chiefly derived from the inferior shales, which we have not yet noticed; and 
it is important that the fossils of the upper and lower portions should be kept distinct. M. Beyrich 
of Berlin, whom we have before quoted, saw the importance of this distinction ; and has, without any 
assumed hypothesis, and merely from the characters of the fossils, separated the limestones of Bensberg 
into two distinct formations. It is enough for us to observe in this place (referring for further evidence 
to our lists),—that the group of fossils in the Eifel limestone is Devonian—that we there find great 
masses containing Strigocephalus Burtini, and other well-known Westphalian species (which we never met 
with in the strata below the great Westphalian limestone )—and that nearly all the Silurian types which 
characterize the lower group are entirely wanting. We therefore place the great Eifel limestone on the 
parallel of the lower Westphalian and Belgian limestones, and consequently the lower part of the Devo- 
nian system. In this arrangement the conclusions derived from the sections and the groups of fossils 
are in harmony with one another. 


* As examples of what is stated in the text, we may instance the beautiful volcanic lakes near Daun and 
Gillenfeld, and the great crater of Bertrich. At these points of eruption the slate rocks of the country 
are very little mineralized, and have undergone no sensible change in their strike and dip. 
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Shales, Red Psammuites, Schists, &c., under the Eifel limestone. 
(h! of coloured Sections, Figs. 10, 12, 13, and 14, Pl. XXIII.) 


The formation beneath the Eifel limestone is essentially the same, on whatever 


side we begin our examination. 

We have first a series of shales more or less calcareous, alternating with the bands of limestone, and 
passing into the state of indurated marl. In its upper portion this group passes into, and blends with, 
the great overlying limestone. In its lower portion it begins to alternate with psammite and flag- 
stone; the alternating shales lose their marly character, become more meagre and arenaceous, and are 
occasionally of a reddish tinge. The same colours are not unusual in the flagstones. Here and there 
the marly beds, along with courses of limestone, reappear at considerable depths in the descending sec- 
tion ; but at length the formation passes into a vast deposit of flagstone and psammite, with bands of meagre 
shale and earthy schist repeated in many alternations. 

The development of the series (though differing considerably from that of the 
corresponding deposits of Belgium) is almost exactly similar to that on the right 
bank of the Rhine under the lower Westphalian limestone ; for there we have the 
same recurrence of thin calcareous bands, the same alternations and mineralogical 
characters, again and again repeated; so that one description might almost do 
for both. Near Daun, Prum, Cronenburg, Miinster-Eifel, and Euskirchen, there are 
clear sections, which prove that the strata underlie the great mass of lime- 
stone: and at these localities we found at least four species of Orthis, one of 
which approaches very closely to Orthis orbicularis, and ancther to Orthis or 
Leptena lata, of the upper Silurian rocks. With these fossils are grouped certain 
Trilobites, which we cannot distinguish from published Silurian types, such as 
the Calymene Blumenbachu, C. macrophthalma, and two or three forms of Homa- 
lonotus, one of which resembles closely the H. Knightw. They are occasionally 
associated with the Delthyris macroptera and D. microptera, and with numerous 
Tentaculites. Thus the group we are describing is shown to be identical with that 
of the Lahn mouth, of Braubach, and of other places on the right bank of the 
Rhine, which we have considered as upper Silurian. 

Notwithstanding therefore some difference of development, we are led (as we 
were on the other bank of the Rhine) to place this portion of our section in 
the upper part of the Silurian system. In this view, the upper marly shales 
can be regarded only as beds of passage, zoologically as well as mineralogically, 
between the Eifel limestone and the Silurian system. Now as many of the 
published Eifel fossils are derived from these marls, which contain an immense 
number of well-preserved organic remains, we need not wonder, on this explana- 
tion, at the occurrence of so many well-known Silurian types among these published 
Eifel lists. 

The analogy between this and the corresponding group on the right bank of the 
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Rhine, is still further maintained by the numerous obscure vegetable impressions 
which are found in both of them ; very seldom, however, in such a state as to give 
any hopes of determining their species. 


Older Slates of the Moselle and the Rhine.—Formations of the Hundsriick and the 
Taunus, &c. (Map, Pl. XXIV. colour 8, Pl. XXIII. Sect. 9, colour 7.) 


We twice crossed the ridge between the north-eastern limits of the Eifel and the 
gorges of the Ahr, and we made three or four distinct traverses from the south- 
eastern ridges of the Eifel to the basin of the Moselle. From the Moselle we made 
traverses across the Hundsriick ; and we endeavoured to connect our work together 
by an examination of the old rocks on the banks of the Moselle, and by repeated 
examinations of all the older rocks in the gorges of the Rhine between Bonn and 
Bingen. As a general result of these examinations, we may state, that we were 
not able, by any direct evidence of sections, to establish the order of superposition 
between the Eifel and the Hundsriick ; in which respect we, however, encountered 
no greater difficulties than we had met with in the Ardennes and on the right 
bank of the Rhine. But in course of these traverses we found a series of great 
mineral masses following one another nearly in the order we have already de- 
scribed. 


Under the great fossiliferous group containing the red shales and psammites is an enormous develop- 
ment of slaty flagstones, earthy schist, and shale of yellowish-grey, greenish-grey, and bluish-grey 
colours ; sometimes blending themselves in structure with the upper group; sometimes passing into the 
condition of a coarse slate formation like the upper slates of the Ardennes,—not unusually presenting 
vegetable impressions, and occasionally bands marked with innumerable impressions of Encrinites, Corals, 
Orthidea, &c. 

With these characters they appear in the gorges of the Lieser between Bleckhausen and Mander- 
scheid, often in vertical positions, or thrown into the most fantastical contortions,—in the gorges that de- 
scend toward the Moselle, between Daun and Lutzerath,—in the magnificent sections of the Ahr—and on 
both banks of the Rhine between Bonn and Andernach. Similar rocks, and with the same general suite 
of fossils, follow both banks of the Rhine above Coblentz; and near the mouth of the Lahn they are 
shown to plunge under the limestones of the Devonian system described in the former part of this 
paper. 

In the escarpments near Braubach and the mouth of the Lahn these rocks are, as already stated, ex- 
tremely fossiliferous ; the long-winged Delthyris (Spirifer, Goldfuss) and the Homalonoti being abun- 
dant, and the whole suite agreeing with that which we have already described, and considered as cha- 
racteristic of the Silurian system in the Rhenish provinces. 

Near Boppart, south of the mouth of the Lahn, the mineral system of the Rhine changes its character ; 
not by any sudden transition nor in any well-marked order of superposition, but among numberless 
contortions, and by insensible gradations; so that above Oberwesel the whole has more the character 
of a slate formation than of an arenaceous flagstone. Beds of quartzite alternate, here and there, with 
fine masses of roofing-slate, which is obtained by a true transverse cleavage ; and on both banks of the 
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Rhine, for about a mile above and below Caub, we found a slate-rock hardly to be distinguished from 
the lower slates of the Ardennes. 

Below the fine slate zone of Caub, the rocks (though often with a true transverse slaty cleavage) are 
more arenaceous, pass here and there into masses of psammite, contain bands that are highly fossili- 
ferous (e.g. the rocks on both sides of the Rhine for a mile or two above St. Goar, Lurleu, &e.), 
and therefore, mineralogically as well as zoologically, agree more nearly with the upper slates of the 
Ardennes. 

The two traverses, by the gorges of the Lieser and the Ees, which descend from the Eifel to Wittlich 
and Lutzerath, present a similar sequence. 

(1.) The fossiliferous marls, red slates, and psammites under the Eifel limestone. 

(2.) Great masses of slaty flagstone, &c. 

(3.) A great deposit of coarse arenaceous slate gradually passing, as we approach the banks of the 
Moselle, into the structure of a true slate formation. The upper part is most fossiliferous, and what is 
presumed (more on general analogy than on any evidence of sections) to be the lower part becomes 
less and less fossiliferous. Occasionally, however, the lower slates are intersected by certain bands, in 
which fossils are very numerous. Fine illustrations of the mineral structure of this third group, of its 
contortions, and its great development, are seen in the noble gorges of the Moselle, above and below 
Cochen ; and in the fine transverse gorge of the Ees between Lutzerath and Alf. 

On all these traverses, fossiliferous bands are found ; and the many forms of Orthis belong to the same 
general group as those from the banks of the Rhine, and from the upper slates of Belgium and the Ar- 
dennes. Hence all the rocks which are beneath the fossiliferous marls at the base of the Eifel limestone, 
and are expanded through the districts we have last noticed, may be considered as a vast development 
of the Silurian system, without any subordinate bands of limestone, or distinct subordinate formations, to 
enable us to compare them with the subdivisions of that system in England. Hence also (with the excep- 
tion of the more perfect slate rocks near Caub and on some parts of the right bank of the Moselle below 
Tréves, which may be provisionally assumed to represent the lower slates of the Ardennes (systéme 
ardoisier inférieur), we may regard the same series of rocks as representing, in their higher psammites, 
a portion of the lowest division of the systéme anthraxifére of Mons. D’Halloy and Professor Dumont ; 
and in their lower arenaceous slates the systéme ardoisier supérieur of the same authors. 


It remains for us to notice the chain of the Hundsriick and the Taunus, 
which are one continuous formation, only split asunder by the gorge of the Rhine 
immediately below Bingen. It appeared to us, after repeated examinations, that, 
assuming the slate rocks near Caub to be the oldest members of the Rhenish 
series, we had a regular ascending section, through arenaceous and earthy slates 
and flagstones, to the quartz rock and fine chloritic schist of the Hundsriick and 
the Taunus. We made five or six traverses through different gorges of these 
chains, with a view of making out the facts of superposition ; and in every instance 
we arrived at the same conclusion. If we can trust the evidence of sections, these 
chains overlie the slaty rocks immediately skirting their north-western flanks. 

The beautiful crystalline structure of these chains, their fine masses of white 
quartz rock, of chlorite slate, and micaceous slate, have led many authors to regard 
them as the oldest rocks of the Rhenish provinces ; and this first error has been 
confirmed by a second, in which slaty cleavage has been mistaken for stratification. 
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Among the slate rocks of the Rhine the cleavage planes usually hang to the south- 
east, and keep their direction and inclination even among masses which are vio- 
lently contorted. Hence any one assuming the cleavage planes for beds would not 
only form erroneous conclusions about the dip, but also most exaggerated notions 
of the thickness of the formations. Now in one or two places on the north flank 
of the Taunus, though the slate beds dip south-east, the inclination of the cleavage 
planes is reversed to the north-west : and hence, without very careful observation, 
we might be led to suppose that the quartzites of the chain rose from beneath the 
slates ; which (if our views be correct) is a conclusion directly contrary to fact. 

But it may be objected, that if the rocks of the Taunus and Hundsriick be mem- 
bers of an ascending section commencing from the old slates of Caub, we ought 
also to find corresponding rocks in the ascending sections on the other side of the 
old Rhenish slates ; otherwise there must be a want of symmetry in the sections 
on the opposite sides of the central system. We admit the force of the objection ; 
and we reply, that there are very fine quartzites in the ascending sections from 
the left bank of the Moselle towards the Eifel (for example in the Grunen- Wald 
north of Wittlich), and consequently that the ascending sections are not without 
mineralogical symmetry. Again, we found similar masses of crystalline quartzites 
associated with trappean rocks, on the right bank of the Rhine, and rising out at 
various points between Limburg and the Taunus*. If such masses have been pro- 
duced by the action of igneous rocks on the more arenaceous slates, we have no right 
to look for their symmetrical arrangement on any corresponding sections. In short, 
we regard the structure of the Hundsriick and the Taunus as due to a long-continued 
action from below ; which first lifting up their beds and twisting them, while in a 
softer state, into most violent contortions, gradually mineralized them and changed 
them into what they now are. Nor has the activity of these subterranean causes 
yet entirely ceased. The phenomena we have described may be regarded as the 
effects of their early and intense activity ; while the hot springs of Wisbaden and 
the bubbling fountains of Schlangenbad, Langen-Schwalbach, and Nieder-Selters 
give indications of their feeble and expiring efforts in this mineralized region. 

But our evidence does not end here; for we found Silurian fossils, from the 
quartzites of the Hundsriick, in the museum of Trévest. We afterwards crossed 
to the eastern side of the chain, near Berkenfeld ; and, through the kindness of 
M. Bocking, were directed to some quarries (immediately above Abentheur and 
Ringenberg) among fine vertical masses of quartz rock containing many organic 


* Pl. XXIII. fig. 9. 

+ We were indebted to Professor Steininger for the knowledge of this fact, and for much interesting 
information respecting all the formations in the basin of the Moselle. He has since published a geolo- 
gical map of all the country between the Saar, the Moselle, and the Rhine. 
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remains. In these rocks were one or two species of Orthis, two large species 
of Delthyris, and the singular coral Pleurodictyum problematicum ; which fossils 
also abound in the formations under the Hifel limestone ; and are commonly 
found on the banks of the Ahr, the Rhine, and the Lahn, associated with the 
Homalonoti, and other characteristic Silurian types. Thus were our previous 
conclusions respecting the age of the mineral masses composing the Hundsriick 
and the Taunus, confirmed by the additional evidence of the fossils. It is indeed 
true that organic remains are very rare within the limits of these chains ; but 
our only surprise was that any traces of organic forms should have been left 
among rocks so greatly mineralized*. 

As general conclusions from this and the preceding part, we may state :— 

1. That, considered on a broad scale, the successive natural groups of strata, 
and the successive natural groups of fossils are in approximate accordance. 

2. That as the broad areas of the physical groups of strata are ill defined, so 
also are the boundaries of the fossil groups ill defined, and pass into one another. 

3. That as there are no great mineralogical interruptions of the deposits, producing 
a discontinuity or want of conformity among the masses, so also there seems to be 
no want of continuity among the groups of the great Paleozoic series of animal 
forms. Ifthe extreme terms be compared together, every object is dissimilar : 
but when the proximate groups are put side by side, there are many points of re- 
semblance, and many of specific agreement. These conclusions are not offered as 
an hypothesis, but appear to us as legitimate inferences from the facts we have 
had before us during the compilation of this paper. 


PART II].—Structure and Formations of the Hartz.—Upper Franconia, &c. 
(Plate XXIII. Sect. 15, 16, 17 and 18.) 


GENERAL STRUCTURE OF THE HARTZ. 


Before we proceed to notice the formations of the chain of the Hartz, it seems 
expedient to give a brief sketch of its structure, which is, we believe, not well 
understood by the generality of British geologists. In English works, published 
not more than twenty years since, and professing to give some account of this 
region, the granite of the Brocken was placed in the geoiogical centre ; and all 
the stratified formations were delineated as mantling round it, and dipping from it 
in most regular order, beginning with the oldest slates at a high angle of inclination, 


* See Pl. XXIII. fig. 9. 
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and ending with the newer Flotz rocks of the age of our green sand and chalk in 
a position almost horizontal. 

These assumed facts were connected with the Wernerian theory, and offered in 
support of it. Hence they obtained a currency in this country which they very 
little deserved. In the year 1829, when we first crossed this chain, our surprise 
was indescribable when we found that the granite of the Brocken did not occupy 
any mineralogical centre—that it burst out at one side of the chain—that it very 
little affected the general strike of the adjacent beds—that the whole neigh- 
bouring series of secondary rocks was in a reversed position—and that all the 
“ flétz”” rocks on the N.E. side of the chain were highly inclined and often vertical. 
Errors like those above alluded to, have now been long exploded in the country 
which gave them birth. 

As seen on a coloured physical map, the high lands of the Hartz put on the 
form of an irregular chain extending about N.W. and S.E. The greater part of 
these high lands are occupied by old slaty rocks ; pierced, however, by innumerable 
masses of trap, porphyry, &c., and by two great bosses of granite, both of which 
break out on the eastern side of the chain, and come down almost close to the 
secondary formations*. It will also be seen by a glance of the eye at a geological 
map of Germany, that all these high lands are surrounded by secondary deposits 
(commencing with the red sandstone, zechstein, &c., and ending with the chalk), 
arranged with a near approach to symmetry. In one or two places on the north 
and south sides of the chain, and also near its western extremity, the old slate 
rocks (grauwacke) are immediately overlaid by a coal formation ; but it is so im- 
perfectly developed, so nearly linked with the rotheliegendes, or so much concealed 
and overlaid by porphyry, as hardly to constitute any feature on the map. 

In making a traverse through almost any part of the old slate rocks of the Hartz, 
we find that their strike differs not much from the strike of the grauwacke of the 
Rhenish provinces, being on the average about N.E. by E. and S.W. by W. 
Hence the general strike of the beds by no means coincides with the longer axis 
of the high land of the Hartz; but, on the contrary, is more nearly at right angles 
to it. By this structure the subordinate features of the region are greatly modi- 
fied : and from the top of the Brocken, or any of the other high elevations of the 
Hartz, one may trace a series of small subordinate ridges, defined nearly by the 
actual strike, and running transversely to the principal bearing of the chain. 

On the contrary, the strike of the secondary system surrounding the Hartz 
(however modified here and there by local causes), is on the whole about N.W. and 
S.E. Hence it follows, that the direction of the chain of the Hartz, as laid down 


* See the south-east end of the Section, Pl. XXIII. fig. 17. 
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on a physical map, is not defined by the strike of the mineral masses composing 
it, but by the general direction of the unconformable secondary strata which sur- 
round it. We have no example of such a chain in England. 

In mineral structure the slate rocks of the Hartz agree generally with those of 
the Rhenish provinces. They agree also in their modifications of structure, and 
in their modes of association with trappean rocks: and in the contortions of their 
beds, and in the total inversion of enormous masses of them, they present the 
same difficulties in determining the true order of superposition from the mere evi- 
dence of vertical sections. But it is not merely from vast contortions and inver- 
sions, and the frequent intrusion of trappean rocks (like those described in the 
former pages of this paper), that the order of the formations is obscured. The 
great bosses of granite also play a most important part, both in modifying the 
structure of all the neighbouring rocks, and in producing a distinct order of dislo- 
cations. By the combination of all these disturbing causes, the chain of the 
Hartz has literally been broken into fragments, in such a manner that it would 
be almost impossible to give them any symmetrical arrangement out of which we 
might eliminate their true relations to one another*. 

Lastly, in the Hartz the older strata are on every side cut off abruptly by the 
unconformable abutment of the secondary strata; so that we look in vain for any 
frontier, like that of Westphalia; where, after escaping from a sea of troubles, 
every formation rests in its proper order. 

Before we go on to consider the evidence offered for the age of the formations 
of the Hartz, from analogies of structure and from fossils, we may briefly notice 
the principal igneous rocks which enter prominently into its structure. 


They may be divided into four distinct classes. 

1. Trappean rocks that rise irregularly among the beds, and strike nearly with them.—Some masses 
appear to have been protruded through the aqueous deposits: others are in more regularly stratified 
bands, passing sometimes into the state of schaalstein, and therefore apparently of a date contempo- 
raneous with the slate rocks. From what we saw of these rocks, and still more from the specimens 
kindly exhibited to us by Professor Hausmann, they may be described in general terms by the name of 
greenstone, with many modifications. They are often ferruginous, and associated with deposits of iron 
ore near their junction with the regular strata; often very felspathic, containing here and there much 
Saussurite and small crystals of hypersthene, and rarely schiller-spar. 

2. Granite of the Brocken, the lower part of the valley of the Bode, §c.—That this granite is newer than 
the rocks of the preceding class, is proved by the fact, that it cuts them all off and shoots its veins into them, 
or into the series of the rocks, of which they seem to form an integral partt. Neither can it admit of any 
eerie) i vl nk Avis ails sir Debalpbebe sii uy) Sean voll ea Bae a eles 2 

* This opinion has been expressed by Professor Hausmann and other German authors. 

+ By a precisely similar argument, we infer that the granite of Dartmoor is newer than the trappean 
rocks associated with the surrounding slates. On the contrary, in the Isle of Arran, the trap rocks 
are proved to be the newest, because they cut both through the secondary rocks and the granite. 
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doubt that it is a true eruptive rock: for in the upper part of the Ocker Thal, masses of grauwacke with 
organic remains are caught up in it*; and in ascending the Brocken we found several blocks of granite 
with imbedded splinters of grauwacke. Again, the slates nearly in contact with it, are often converted into 
hornstone, and the arenaceous grauwacke into quartz rock ; and the junction specimens exhibit almost all 
those modifications of structure which are so well known in Devonshire and Cornwall. The granite of 
the Hartz, like that of Devonshire, has however produced but a very small effect on the general strike of 
the chain. Yet does it appear to have produced enormous derangements in the position of the subordinate 
masses: for all the older rocks, extending for many miles on the north side of the granite of the Brocken, 


are in a reversed position; and few of the masses near it show any conformity to its surface.—See 
Section 17. Pl. XXIII. 


Fig. 14. 
Inverted and fragmentary condition of the strata north of the Brocken, near Goslar. 
Flank of the Brocken. Rammelsberg. Goslar (N, of). 


W.S.W. E.N.E. 


san Py, 
Tn LT 

hit i oo wi) l, 

7) uv 8 7a 1 P@ ui 


7. Devonian. a. Greenstones, &c., with Devonian slates. 
8. Silurian grauwacke. b. Granite of the Brocken. 


&’. altered grauwacke on the flanks of the Brocken. 

3. Quartziferous porphyry ( Quarzfiihrender Porphyr).—It rises up in several bosses of considerable 
extent, in which respect it is unlike the elvans of Cornwall. Yet does it occasionally send out dykes into 
the neighbouring strata; and in mineral structure it has close analogies with the commonest varie- 
ties of Cornish elvan. The specimens of this rock, which we saw near Stolberg, contained a great deal 
of pinite. These trappean masses are considered, we believe correctly, as newer than the granite, in 
which respect they present another analogy with the Cornish elvans. 

4. Newer trappean rocks, overlying and alternating with coal shale, red sandstone (rothliegendes).— 
These are described in the German maps of the Hartz under the general name of Quarzfreier Porphyr. 
They are of very varied structure, passing through every shade, from red felspar rock to black augitic trap 
and basalt. The accompanying woodcut will explain their general relations, both to the newer and older 
stratified masses, as seen in some remarkable sections near Ilefeld, on the south side of the chain, where 


Fig. 15. 
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these porphyries are magnificently developed. Considered as a whole they are undoubtedly true erup- 
tive rocks ; yet are they most intimately associated with the red sandstone and the thin carboniferous 


* M. Zincken showed us some specimens of granite in which had been caught up fragments of cal- 


careous rocks with organic remains; but we do not remember from what part of the Hartz he had ob- 
tained them. 
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beds : and in one or two places which we examined, the beds of meagre shale and reddish grits, though 
containing coal plants and alternating with thin bands of coal, seemed in a great measure to be made up 
of recomposed trap. 

This Quarzfreier Porphyr is therefore unquestionably of a newer date than most 
of the trappean masses above alluded to; and it is regarded by Von Buch and some 
German geologists of high authority as a manifestation of those subterranean forces 
which produced the last great elevation of the Hartz, and gave the present strike 
and impress to the secondary system by which the chain is surrounded. We were 
disposed to regard the granite as the indication of the great moving power in ele- 
vating the chain; and we thought our views confirmed by the complete inversion, 
not merely of the older rocks, but of the whole secondary series (including red 
sandstone, muschelkalk, greensand and chalk), in the neighbourhood of Goslar. 
But the subject is one of the greatest complexity, and we do not venture to op- 
pose our opinions to those of Von Buch, Hausmann, or any of the geologists who 
have described the igneous rocks of the north of Germany in such admirable detail. 
One thing at least is certain, that the formations of the Hartz must have under- 
gone many movements ; and the position of the surrounding strata seems to prove 
that the whole chain must have had a great movement en masse, since the period 
of the secondary deposits (see Pl. XXIII. fig. 17). 

It is demonstrated, by the sections, that the strike and flexures of the grauwacke 
were effected before the existence of the overlying coal and rothliegendes. On the 

contrary, we have shown that in Belgium and Westphalia the strike and flexures 

of the grauwacke are propagated into the coal formation. Are we then to believe 
that the causes which produced the peculiar physical impress on the vast series 
of strata in the Rhenish provinces, belonged to a different period from that during 
which the strike and contortions of the Hartz were effected? We answer this 
question in the negative, believing that the older rocks of the Hartz and the Rhe- 
nish provinces compose but one system, made up of similar component parts, 
which have been similarly acted on and dislocated at the same periods of time : 
and we escape from this apparent contradiction by supposing that the coal mea- 
sures of Westphalia and Belgium are an older part of the series than the coal mea- 
sures of the Hartz. Indeed we regard the coal-beds on the flanks of the Hartz as 
the very highest part of the carboniferous series, just where it alternates with and 
passes into the bottom beds of the new red system ; and by no means as represent- 
ing the whole carboniferous system. On this view there is no contradiction in our 
previous conclusions*. 


* We consider the coal-beds associated with the rothliegendes of the Hartz to represent the thin bands 
of upper coal which alternate with the bottom beds of the new red sandstone series in Shropshire, Staf- 
fordshire, Worcestershire and Warwickshire. Between the rothliegendes and the old red sandstone of 


2pP2 


288 Professor Sepawick and Mr. Murcuison on the 


Age of the Sedimentary Deposits of the Hartz. 


Having thus considered the general structure of the Hartz, we next come to 
consider the age of its sedimentary deposits. That in their structure, their strike, 
their accidents of position, and their fossils, they present the closest analogies to 
the rocks of the Rhenish provinces, is easily shown ; but in explaining the relations 
of the subordinate formations to one another, we are, for reasons already stated, 
involved in the greatest difficulties. There are, however, among the fragmentary 
masses of the Hartz a few sections which give a pretty clear indication of natural 
groups, especially when put in comparison with the still clearer sections of West- 
phalia. We will first shortly notice one or two sections on the north-western side 
of the Brocken. 


Section from Osterode to Clausthal. 


In ascending from Osterode to Clausthal we crossed one of the great spurs of the Hartz, composed of 
alternating beds of grit, psammite and shale, striking about N.E. and S.W., and dipping at a great 
angle, sometimes N.W. and sometimes S.E., the latter dip being most prevalent. The sandstones were 
generally in thin hard irregular beds, from one to four inches in thickness; more rarely in well-defined 
beds from six inches to two feet in thickness; their colours were grey, greenish-grey, mottled, purple 
and reddish ; and sometimes almost black, from the carbonaceous stains diffused through them. The 
alternating shales were generally thin-bedded, of bluish grey and purple colours, and had, here and there, 
much carbonaceous matter between their lamin. During the traverse we hardly saw a rock we might 
not match among the culm-measures of Devon; and here also, as in Devon, we found an indefinite 
number of impressions of small reeds and grass-like plants. The rocks above described are broken 
through and interfered with by masses of greenstone, amygdaloid, &c., ranging nearly parallel to the 
prevailing strike; and the whole system is continued till it is lost under the alluvial covering near 
Clausthal. 


Section from Clausthal to Griind.—(Pl. XXIII. fig. 18.) 


In making this traverse by the mine-works, we first crossed a series of beds dipping S.E. at a consider- 
able angle, but not without the interruption of many great irregular flexures. They contained a few 
impressions of plants, and could not be mineralogically distinguished from many parts of the culm-mea- 


England there is no analogy whatsoever ; though such was formerly supposed, and might seem indeed to 
be implied in some of the sections of Hoffmann. Though the carboniferous beds on the southern flanks 
of the Hartz may seem to confirm the opinion, that the coal formation is but an accidental deposit sub- 
ordinate to the red sandstone (un accident dans le grés rouge), they do not represent the great carboni- 
ferous systems of Westphalia and Belgium; and still less the carboniferous system of Great Britain. In 
further confirmation of this opinion, we may state, that true coal plants and thin carbonaceous lamine 
occur in great abundance in the lower division of the new red sandstone, between the magnesian lime- 
stone and the rich coal formation of Whitehaven, and also in the same formation near Birmingham (see 
Silur. Syst., p. 55, and note, p.56). We have only to suppose these plants and carbonaceous bands more 
largely developed, so as to form beds of coal, and we shall then have an upper division of the coal for- 
mation precisely in the position of that of the Hartz. 
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sures of Devon. Near the Frankenhamer Hutte are thick beds of sandstone with fine Calamites and 
other vegetable impressions. Some of the great masses of sandstone are separated into rhombohedral 
blocks by a double set of joints,—one set, (strike-joints ) ranging with the beds, though generally dipping 
to an opposite point of the compass ; the other set (dipjoints) ranging nearly N.W. and S.E. 

The colours of these sandstones are various—yellowish grey, brown, greenish grey, smoke grey, with 
small quartz veins, &e. Small spots of kaolin are diffused through some of them; and among them, 
not unusually, are seen numberless bright granules of greasy quartz. Beds like these, alternate with 
slightly micaceous flagstones, and thick beds of dark carbonaceous shale. 

Further down the valley (below the smelting-houses) are beds of a very coarse grit, with granules of 
greasy quartz as large as peas, like many varieties of millstone grit. These rocks rise into the hills 
towards Griind, in the direction of which we continued our traverse through a dense forest, which greatly 
obscured the section. 

We then crossed some beds of dark, indurated, carbonaceous shale, from beneath which rises a very 
remarkable mass of limestone. Its dip is extremely obscure, some beds being greatly mineralized, broken, 
fissured, and penetrated by veins of sulphate of barytes; but as the principal mass ranges through the 
dense forest in a direction about N.N.E., we presume that it represents the true strike of the beds. This 
limestone is generally light-coloured and highly crystalline ; and the veins and hollows on its flanks are 
in some places much charged with iron ore. The whole mass of it, especially in the Hiubigenstein 
(which rises into bare pyramidal peaks in figure giving a minature resemblance of some cf the dolomites 
of the Alps), is much charged with corals, and in some of the earthy partings of the more crystalline beds 
or masses are numerous fossil shells. The corals, as a suite, are identical with those of the great lime- 
stone of Westphalia and the Eifel. Among the shells are 

Spirifer striatulus, so common in the Devonian strata of the Boulonnais. 
glaber. 

Terebratula concentrica (V. Buch), 

Terebratula prisca, 

Goniatites discors, the same species as at Oberscheld in Nassau. 

Among the shells enumerated by M. Zinchen from this locality were Cardium aleforme (Sowerby), 
and Terebratula elongata (Schlotheim). 

On the west side of Griind the section is almost entirely concealed ; and the whole series of older 
rocks is soon afterwards cut off by the terrace of the overlying zechstein. 

From the whole evidence, we have no doubt that the calcareous mass of Grinds is a true Devonian 
limestone ; and that the overlying beds are the equivalents of those parts of the Westphalian sections 
which extend from the great limestone to the base of the coal-measures. 

We afterwards made a complete traverse from Clausthal by the line of the Innerste; and though 
we were unable to make any connected section to determine the order of the successive mineral masses, 
we saw nothing to invalidate our previous conclusion. 

To the west of the river gorge is a mass of limestone like that of Griind (which, however, we did not 
examine) ; and in descending the gorge (below the point where we had left it in the previous traverse) we 
met, first with black carbonaceous shales and grey sandstones; then with grits, shales and psammites, in some 
places contorted and greatly mineralized. Afterwards, near Lautenthal, we passed singularly contorted 
masses of Kiesel Schiefer, resembling the rocks before described north of Meschede*; and we after- 
wards saw specimens of Posidonia obtained from these localities, though we were not fortunate enough 
to meet with that fossil during our traverse. Still further down the river gorge we met with quarries of a 
slightly caleareous slate, which we supposed to represent the shales between the Devonian limestone and 


both good Devonian species. 


* Ante, p. 232. 
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the hiesel schiefer. The structure of the rock was very interesting. The component beds were greatly 
contorted, and intersected by a fine, highly inclined, transverse, slaty cleavage inclining to the S.E. A 
number of regular horizontal joints gave a false appearance of horizontal bedding, and these were inter- 
sected by another system of dip-yoints, with seams of carbonate of lime. The lower part of the valley 
(where the river emerges into the plains of keuper, muschelkalk, &c.,) gave us no additional information. 


Section (N.N.W. and S.8.E.) from the Hills a few miles north of Goslar, through 
Rammelsberg to the Granite of Ocker Thal. 


The woodcut, Fig. 14, given in p. 286 will be sufficient to convey a general notion of the actual posi- 
tion of the mineral masses in this section. 

1. We have first a series of dark earthy slates and psammites much contorted. 

2. Then a series of hard dark glossy roofing slates, interrupted by great alternating parallel ridges of 
trap (e.g. in Grana Thal, Nordberg, and Steinberg). These schists have a fine slaty cleavage, which 
hangs steadily to the S.E. at a great angle. Some of the slates, alternating with the thick bands of trap, 
are, however, highly contorted, and of very complicated mineral structure, as is shown in the accom- 
panying woodcut. 


Fig. 16. 
Slate-quarries of Nordberg, near Goslar. 


The undulating lines of this figure indicate the bedding ; the inclined lines the cleavage ; and the horizontal lines the 
peculiar joints or floors. 
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Altered Slate. Altered Trap, 


The true beds of slate are marked by a contorted stripe. The sides near the trap are altered and in- 
durated ; the slaty cleavage is very well defined, dipping at a high angle to the S.E.; and the whole 
mass is separated into well-marked tabular masses by horizontal joints. 

3. The preceding series is overlaid by soft earthy slates (of the gorge above Goslar), which, in their 
turn, are overlaid by the series of the Rammelsberg. The beds here continue on the whole to hang to 
S.E., but not at a great angle; and there are several small undulations, by which the dips are changed 
and sometimes reversed. Many of the beds are, however, intersected by planes of cleavage, inclined at a 
great angle toward the south-east, which sometimes convey a false notion both of the bedding and dip. 
Near the top of the hill we have the following apparently ascending section :— 


(1.) Hard grey well-bedded sandstone. 

(2.) Hard flagstone, with bands of indurated slate. 

(3.) Chert or quartz rock, broken into small irregular fragments by joints coated with ferruginous 
stains. 

(4.) Ragged arenaceous slates. 

(5.) Hard quartzose arenaceous beds rising to the top of the hill. The preceding beds contain a few 
fossils. 


Following the line of section to the southern side of the mountain, we found the arenaceous system 
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(grits, psammites, grauwacke, grauwacke-slate, &c.) alternating with bands of rotten-stone, containing 
very numerous fossils, among which we collected Trilobites, Tentaculites, one or two species of Delthyris; 
in short, the same group of fossils which characterizes the Silurian grauwacke of the Rhine. 

4. Similar masses may be followed along the same line over another series of ridges into the Ocker 
Thal,, where they sometimes appear to abut against; and sometimes even to dip under, the granite, at 
the most northern prolongation of the Brocken. In that valley all the phenomena are of the highest 
interest. The relations of the rocks are shown in the deep clefts through which the Ocker finds its Way. 
The granite rises into noble pyramidal forms, and the slates are mineralized, veined, broken up, and 
thrown into vast disjointed masses ; and had we no other evidence than the great bare sections of the 
Ocker Thal, we should conclude that the strata composing the mountains on its north side had been 
elevated through an angle of more than 90°, and thrown into a reversed position. 


We believe, indeed, that all the beds of the preceding section are in a reversed 
position ; that the beds extending from Rammelsberg to the granite are the oldest, 
and that the slate masses north of Goslar are the newest, portions of the section 
(see the woodcut, p. 286). We adopt this supposition because it best explains the 
relations of the mineral masses, and the distribution of the fossils; and there is 
in it nothing improbable, considering the vast derangements in the neighbouring 
country. 

For example, we may take a section from the low secondary country, a few 
miles north-east of the Ocker Thal, to the granite, and find the following series :-— 


(1.) Tertiary rocks and chalk, in their natural position, and dipping from the chain of the Hartz. 

(2.) Greensand greatly contorted, and on one side dipping towards the chain of the Hartz. Beyond 
these disturbed beds all the formations dip towards the central mass of the Hartz, and therefore 
appear to form an ascending section. 

(3.) Jura limestone. 

(4.) Lias overlying the preceding. 

(5.) Keuper overlying the lias. 

(6.) Muschelkalk and bunter sandstein overlying the keuper. 

(7.) Slaty rocks, having on the whole nearly the same dip with the preceding, and appearing to overlie 
them. 

(8.) Granite, abutting against, and in some places appearing to overlie, the grauwacke. 


_ Now it is absolutely certain that the greater part of this section (extending over 
many miles) is in a reversed position. There is, therefore, no violation of analogy 
in the supposition we adopted respecting the older rocks in our previous section. 


Among the fossils of the Rammelsberg range are two species of Homalonotus, one not to be distin- 
guished from a species found at Altenahr: also Tentaculites, large crinoidal rings, several species of 
Orthis, and two of Spirifer, all undistinguishable from species found in the Silurian grauwacke of the 
Rhenish provinces above described. On the contrary, the small Orthoceratites and flattened Gonia- 
tites in the black slates N.W. of Goslar appear to us to be Devonian. Moreover, this supposition agrees 
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better with the distribution of the great mineral masses towards Lautenthal. And hence we conclude 
that the whole section (woodcut, p. 286) is in a reversed position *. 

In the previous details we have endeavoured to give some notion of the forma- 
tions occupying a triangular area extending from the northern extremity of the 
chain to a line drawn from Osterode to the Ocker Thal. This we regard as one of 
the fragmentary masses of the Hartz ; and according to our interpretation of them, 
the formations are composed of Silurian and Devonian rocks, ascending (in the 
highest parts of the section) to the base of the carboniferous system. 


Section from the Granite of the Brocken through the Limestone of Elbingerode to the 
Granite of the Rosstrappe on the Bode.—(Pl. XXIII. f. 17.) 


It forms no part of our object to describe the granite of the Brocken ; neither 
can we dwell on the bristling peaks of granite that fringe the cleft, a thousand feet 
in depth, through which the Bode escapes from the mid region of the Hartz into 
the plains of Quedlinburg. Still less are we called upon to describe the secondary 
rocks which appear at the south-eastern extremity of our section (Pl. XXIII. f. 17). 
They are placed there only for the purpose of giving a general notion of the great 
movements to which these formations have been subjected. Their general position 
is nearly vertical; and had a similar section been made from the Brocken to 
the country north of Neustadt, the same secondary series would have been seen in 
a completely reversed order, and appearing, as we have before stated, to dip 
under the old rocks of the central Hartz. 


The rocks nearly in contact with the granite at both ends of the section are indurated and greatly 
altered in structure, and partially penetrated by granitic veins. A remarkable saline spring nearly marks 
the junction of the slaty rocks and the granite on the south side of the Rosstrappe. 

We mounted to the line of our section from Wernigerode, through beds of grauwacke interrupted 
by many points and ridges of trap. Near the top of the ascent (a little to the north of Elbingerode) we 
crossed some courses of dark-coloured limestone with white veins, and associated with projecting bosses 
of trap. To the N.W. of this point are bands of ferriferous limestone alternating with beds of porphyry, 


* The following fossils, from the neighbourhood of Goslar, are in the printed lists communicated to us 
by M. Zincken :— 


Goniatites primordialis, Buch and Schloth. Delthyris macroptera, Goldf. 
simplex, Buch. —— levicosta, Goldf. 

Bellerophon nodulosus, Goldf. Cyathocrinites pinnatus, Goldf. 

Pecten Oceani, Goldf. Favosites polymorpha, Goldf. 


Calceola sandalina, Lam. 


It is, however, obvious that in this list the fossils of the upper and lower parts of our section are 
confounded together. 
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the whole mass dipping at a great angle towards the Brocken. At Biicker Berg the iron ore forms an 
enormous mass, resembling some of the deposits near Dillenburg ; but it still preserves a rude conformity 
to the prevailing strike and dip of the beds. 

Over the preceding series are dark slates and kiesel schiefer; and, if we are not misinformed, Posi- 
donia schist has been discovered on the same line, though in our rapid examination we were not for- 
tunate enough to find it. Close to the granite the beds are entirely mineralized ; and in most of the 
geological maps are represented by a distinct colour under the names of Trap, Diorite, Hornfels, &c. 
From under the preceding series rises the dark bluish grey coralline limestone of Elbingerode, which in 
its mineral character, as well as in its fossils, is the perfect counterpart of the great limestone of West- 
phalia. (See the section, Pl. XXIII. fig. 17.) 

Taking then this limestone as a centre, we have an ascending section towards the Brocken, agreeing 
(not merely in its general relations but even in its mineral accidents) with many of the ascending sec- 
tions, from the great limestone of Westphalia to the base of the carboniferous system. 

We believe that the great limestone of Elbingerode forms a kind of irregular dome, throwing off nearly 
the same succession of beds to the N.W. and to the S.E. It undergoes many changes of colour and 
structure, especially in the vicinity of the igneous rocks by which it is pierced, when it sometimes becomes 
very hard and crystalline, and nearly loses all traces of regular stratification. 

We, in the first instance, continued the section to the S.E. along the Bode, by Rubiland and Bohman’s 
HGhle, and thence down to Schiefer Thal; and the phenomena were in the following order. A little 
below Elbingerode the limestone is cut through by a great band or dyke of porphyry ; beyond which 
it becomes lighter coloured, obscurely stratified, and more jointed. Again, a large trappean mass inter- 
rupts the limestone; some of it passes into a nearly compact feldspathic rock, other parts are dark and 
almost basaltiform ; but its structure is very variable. This mass may be regarded as the centre of ele- 
vation ; for beyond it the dip of the limestone is reversed to the south-east. The same dip is continued in 
a greater succession of beds of subcrystalline limestone, through Rubiland and Bohman’s Hohle; and a 
little below the latter place a mass of porphyritic trap has broken through the limestone and brought 

up some beds of the inferior grauwacke*. 

Beyond this spot are some beds of crystalline limestone quarried for marble, not far from which 
are masses of iron ore. This part of the series is followed by a great succession of stratified trap- 
pean rocks, some of which are extremely cellular (dlatterstein); others pass into green and thinly 
laminated schaalstein; some resemble earthy regenerated beds, while others are more crystalline, and 
pass into a true porphyry with a compact base. These singular rocks are continued into a part of 
Schiefer Thal considerably below the village of Neuburg, and are then replaced by dark glossy slates 
containing a few calcareous veins. 

Several of these bands of slate alternate with the schaalsteins and other stratified trappean rocks, 
the whole series preserving the same strike and south-easterly dip. 


To the section just described many of the ascending sections of Westphalia and 
Nassau, which commence with the great limestone and rise to the base of the car- 
boniferous series, present the closest analogies. Respecting the age of the con- 
torted and altered slates which extend to the granite of the Rosstrappe, we possess 
no materials for offering any exact opinion; and it is possible that among them 


* We have endeavoured to convey a correct general notion of this succession in our section (Pl. XXIII. 
fig. 17); but it is obviously impossible on such a scale to attempt any delineation of the more minute 
details ; nor indeed was our examination of the country of such a kind as to enable us to give them. 
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some beds may have been brought up, by the action of the granite, of an older 
date than any of those above described in the traverse from Elbingerode. 

From the lower gorges of the Bode we returned to the south-eastern edge of 
the great calcareous dome near Hiittenrode. The ascending section is there more 
clear than on the banks of the Bode, being less modified and interrupted by the 
trappean slates. It is nearly as follows :— 

(1.) Great limestone. 

(2.) Four or five bands of limestone, alternating with masses of brown and some red iron ores. 

(3.) Stratified slaty trappean rocks (schaalstein, &c.), alternating with some. dark slates. 

(4.) Dark-coloured slates, &c. 

Beyond Hiittenrode the bands of ironstone recede towards the north, bending 
round with the dome of limestone ; and along the new chaussée, from Hiittenrode 
to Blankenburg, both black slate and kiesel schiefer are seen distinctly to overlie 
the limestone series. The analogy with the Westphalian sections (supra, p. 229 
et seq.) is therefore still more complete than we had shown it to be in either of the 
two preceding traverses. 

Lastly, we descended to Blankenburg among schists, psammites, and masses of 
eruptive trap, probably of an older date than any of the rocks in the above 
section. 

Two lines drawn, in the strike of the beds, across the chain, one through the 
granite of the Brocken, the other through the granite of the Rosstrappe, will cut off 
a great centralarea. Within this area, are the rocks last described, and on the north- 
eastern side of it we have shown that the Devonian system is widely expanded. The 
beds on the south-western side of the central area we did not examine ; but, from 
general analogy, and from the information we obtained respecting them, we believe 
that none of them are older than the Silurian grauwacke of the Rhenish provinces. 


South-eastern Extremity of the Hartz. 


A line drawn along the strike of the beds a little north of Ballenstadt and Stoll- 
berg, cuts off the south-eastern extremity of the Hartz, which it remains for us 
very briefly to notice. 

We made one excursion from Ballenstadt to Magdesprung, and thence down 
the whole gorge of the Selke. We found a dark limestone, with white veins, 
alternating with schists and psammites near the Fiirst-weg, about three miles from 
Ballenstadt ; but we were not fortunate enough to find any fossils associated with 
it. After descending among bosses of trap to Magdesprung, we found beds of hard 
glossy clay slate, with a true transverse cleavage, crossing the Selke below the 
village, and dipping about S.E. Further down the banks of the river the slates 


older Deposits of the North of Germany and Belgium. 908 


became calcareous, and a dark-coloured limestone (with the same strike and dip) 
crossed the valley. We found a few encrinital stems in it, but no good character- 
istic fossils. Further in the descending traverse were many masses of hard grau- 
wacke of various colours, generally grey or greenish grey, and sometimes altered, 
extremely jointed, and interrupted by projecting masses of trap. 

After several undulations near the mouth of the gorge the prevailing dip is re- 
versed to the N.W. ; and the older rocks are overlaid unconformably by red con- 
glomerate, coal beds, red sandstone, &c., which dip, from the upturned edges of 
the slaty rocks, towards the low country. The coal has been worked extensively 
all the way from Meisdorf to Ballenstadt, and is undoubtedly subordinate to the 
red conglomerates and red sandstones associated with it. Its relations are very 
clear, not being obscured, as at Ilefeld (ante, p. 286), by masses of eruptive 
porphyry. 

From the structure of the slate beds on the Selke, the rarity of organic remains, 
and the absence of carbonaceous stains and impressions of plants, we concluded 
that the system of rocks on this traverse belonged to the older or Silurian grau- 
wacke of the Hartz. 

We afterwards made a complete traverse of the chain by Ballenstadt, Magde- 
sprung, Hartzgerode, and Stolberg, and were accompanied by Mons. Zincken to the 
Schnechenberg (near Hartzgerode), where a dome-shaped concretionary mass of 
limestone, fifty or sixty feet thick, appears among the slates. It is dark grey and 
bluish grey, with many curved contemporaneous veins. The bottom of it passes into 
the slates ; and there are foliated slaty portions through its mass ; but some of the 
larger subordinate concretionary masses will take a polish, and are used for marble. 
We remarked in it some fragments of encrinital steins, and one or two obscure 
traces of small bivalves ; but the fossils are very rare. 

It appears, therefore, that between Ballenstadt and Hartzgerode there are three 
or four independent concretionary masses of limestone, nearly on the same line of 
strike, but with relations far too obscure to offer any good base line for the sec- 
tions in this district of the Hartz. We have the authority of Mons. Zincken for 
asserting, that to the S. and S.E. of this line no limestone has yet been discovered, 
and that the prevailing rocks have the same general characters, and probably be- 
long to the same age with those we remarked in the gorge of the Selke*. 


* Since we left the country M. Zincken has forwarded to us drawings of Trilobites from this region, 
which induce us to consider the rocks of this southern end of the Hartz as a part (probably the lower) 
of the Silurian system. 
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Stratified Rocks extending from the Thuringerwald, through Upper Francoma, to the 
Fichtelgebirge. 


It formed no part of our original plan to examine the formations between the 
Thuringerwald and the Fichtelgebirge. But having decided to visit the calcareous 
deposits on the north flank of the Fichtelgebirge, we thought it most instructive to 
approach them by a long traverse from the Thuringerwald through all the older rocks 
of Upper Franconia. 

We entered the country from Weimar by the line of the Saal ; and passing over 
the successive escarpments of the muschelkalk, bunter sandstein and zechstein 
(the last of which in several places rests unconformably on the grauwacke without 
_ the intervention of any conglomerate), we made our first traverse among the 
older rocks beyond Schwartzburg by the beautiful gorges of the river Schwartza. 
We found the slate rocks dipping N.W.; they alternate with quartzites, and are 
intersected by dip-joints and strike-joints—the latter generally inclining to a point 
opposite to the dip of the beds. The cleavage is irregular—sometimes striking 
with the beds, but at different angles of inclination—and sometimes transverse to 
the beds, and nearly parallel to the dip-joints. Farther up the gorge are some con- 
tortions ; after which the dip is reversed to the S.E. There are some good slate 
quarries where this dip prevails, though the planes of slaty cleavage incline at a great 
angle to the N.W. In nearly the whole gorge, up to the castle of Schwartzburg, 
the induration of the rocks, the well-defined slaty cleavages transverse to the true 
beds, the alternations of quartzites with the roofing slates, and the chloritic tinge 
of many of the larger masses, reminded us of the lower roofing slates of West- 
morland and Cumberland (Cambrian). 

About three or four miles up the valley, at Dachnitz, we found beds of half breccia- 
ted and half concretionary marble dipping S.E. These beds alternate with bands of 
slate, exhibiting a transverse cleavage, which does not affect the limestone ; and the 
whole system is underlaid by black pyritous shales, containing many ferruginous 
concretions. 

From Dachnitz we made a traverse on foot through mountain forests to Saalfeld. 
In one of the gorges (near the last-named place), through which passes the great 
road to Coburg, we found a limestone similar to that of Dachnitz, and associated in 
like manner with highly pyritous black shales used in the manufactory of alum. 

Again, about two miles above Saalfeld, we examined, a fine cliff on the right 
bank of the river, composed of a reddish flagstone, some parts of which were 
studded with minute calcareous concretions. The calcareous matter was not suffi- 
ciently abundant to form any beds of limestone ; but the general mode of aggre- 
gation was analogous to that in the limestone quarries above mentioned. These 
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calcareous flagstones are of great thickness, and their prevailing dip is N.W., 
though they exhibit two sets of great flexures; and they are overlaid by fine 
tabular masses of zechstein without the intervention of any red conglomerate. Like 
all the other calcareous bands in this region, they are underlaid by black pyritous 
shales used in the manufactory of vitriol. 

In the absence of organic remains, of which we did not find a trace (with the 
exception of one or two obscure indications of crinoidal stems), it is in vain for 
us to offer any definite opinion respecting the age of the series of rocks above 
described. When on the spot, we thought them, as a whole, older than the grau- 
wacke of the Hartz; and we are now disposed to class them provisionally with 
the upper slates of the Ardennes (systéme ardoisier supérieur of Dumont).  Re- 
specting the overlying deposits, we may remark, that the cliffs of zechstein or 
magnesian limestone near Saalfeld are very striking, and that the formation there 
maintains the same great development as on the southern and south-eastern edges 
of the Hartz. 

It would be useless for us to attempt to offer a detailed section of the beds 
observed in an oblique traverse, which we made by the great road from Saalfeld 
to Coburg ; but the following memorandums may serve to convey some noticn of 
the structure of this mountainous country. 


(1.) At the first hill the dip was N. and N.N.E., with many irregular undulations. 

(2.) At the second hill the dip was S.S.E. and S.S.W., and after various undulations the beds for some 
way were nearly horizontal. The prevailing rock is a hard close-grained grauwacke, passing into flag- 
stone and slate, and sometimes into a hard quartzite. Many of the beds exhibited rude irregular con- 
cretions and ferruginous joints. 

(3.) At Schmeidefeldt are deposits of iron ore in nearly vertical masses, striking N.E. by N., and S.W. 
by S. with the regular beds. 

(4.) At Wallendorf are quartzose flagstones and red close-grained grits, like those of the Longmynd 
and some of the older British slates. 

(5.) Beyond this place we found red arenaceous slates, and some hard greenish slates brought up in 
long undulations ; but on the whole the dip to the S.E. or 8.S.E. seems to prevail. 

6. At Hersach the whole series is carried under some black aluminous and pyritous slates containing 
some subordinate masses of limestone. These limestones offer analogies with the limestones on the Saal ; 
and contain a few crinoidal stems, but no other fossils that we could observe. 

7. Beyond this place a change occurs in mineral structure—the hard greenish slates and bands of 
quartzite disappear ; the beds become more earthy and arenaceous, resembling many of the rocks of the 
Rhenish provinces described in the early part of this paper. 

8. Finally, the old rocks descend into the low hills at Sonnenberg, where they pass under the terrace 
of the new red sandstone*. 


* The descending order through keuper, muschelkalk and bunter sandstein (trias) is very symme- 
trically displayed on the sides of the slate hills of Coburg, through which we passed. 
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We saw no reason for placing these rocks in a class different from that of the rocks between the 
Schwartza and the Saal near Saalfeld. We are informed, that rocks, of nearly similar structure, range 
(with countless undulations and numerous interruptions from ridges of trap) many miles further towards 
the south; and that a few Silurian fossils and a few impressions of plants have been found in some of 
their subordinate beds ; in which case they may be classed with the fossiliferous grauwacke of the Rhine. 
Without venturing an opinion on a point we were prevented from examining personally, we may remark 
that the whole series appears to be overlaid by the highly fossiliferous limestones and slates south of Hof 
in the Ober Frankenwald, which we next proceed to notice. 


Sections of Hof, Elbersreuth, &§c. (Plate XXIII. Sections 15 and 16.) 


Having been furnished with instructions by Count Miinster (whose unceasing 
labours and numerous works have thrown so much light on the palzontology of 
his country), we went from Baireuth to Hof; and during one or two short excur- 
sions from the latter place, collected together the facts represented in the section, 
Pi POCILT, fies 15. 

On our way to Hof we crossed the escarpments of the muschelkalk and bunter 
sandstein, and then entered on a defile among the older rocks at Bernich, from 
which place we skirted the north flank of the Fichtelgebirge, among crystalline 
slates and other altered deposits associated with granite. In the early part of this 
traverse we found a boss of porphyry, throwing off a mass of crystalline marble on 
one side, and of a thin-bedded encrinite limestone, alternating with schaalstein, on 
the other. The same series of beds was overlaid, near Latziiruck, by schaalstein 
passing into slaty porphyry. 

We have no materials for marking the age of this limestone; and we mention 
these facts only to show the near analogies of structure exhibited in this country 
and in certain parts of the Hartz and of Nassau. We believe, however, that these 
analogies are presented by rocks nearly of the same age: for, if we mistake not, 
some of the crystalline and calcareous masses on the north flank of the Fichtelge- 
birge are only metamorphic portions of a series of rocks we are about to describe 
in the accompanying section (Pl. XXIII. fig. 15). 

1. The highest caleareous bands of our section occur at Trogonau ; but they also break out at Reg- 
nitz, Irsau, and Wiirlitz. They are composed of dark blue, uneven beds of limestone, with white contem- 
poraneous veins, dipping with some irregularity, but on the whole to the S.E. at an angle of 25° or 30°. 
They are overlaid by a dark shale, which is lost under the black shale and alluvium of the plains 
below. In structure this limestone cannot be distinguished from the most common form of mountain 
limestone: and it contains Actinocrinites, Rhodocrinites verus, Amplexus coralloides (Sow.), several very 
large Producte (one of which is spined), Ewomphali, and several mountain limestone corals, &c. We 
therefore think its identification with the mountain limestone (as determined by Count Minster) quite 
unequivocal. 

2. The limestone is underlaid by earthy, dark-coloured schist, very ill exposed, over which we made 
a traverse of one or two miles to Gattendorf. 

3. At Gattendorf rises a lower limestone composed of dark grey, and in some places of reddish grey 
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beds, dipping irregularly, but on the whole about S.W. at an angle of 30°. Most of the beds are subcry- 
stalline and much jointed ; but some of them pass into amore compact state, and are much quarried for 
ornamental marbles. They contain many specimens of Orthoceratites, among which are O. speciosus, 
O. regularis, O. maximus, together with Clymenia undulata, Clymenia lata, Goniatites undulosus, &c. 

4. These beds are underlaid by earthy schists without fossils ; and by great masses of trap which break 
out on the banks of the river on the side of Hof. 

5. On the N.W. of Hof is a great mass of marble, partly of a concretionary structure, and partly 
precciated, resembling the marbles of Plymouth and other places in South Devon, but without a trace 
of fossils. 

6. In the hills further to the N.W. are beds of grauwacke, and of calcareous slate with courses of im- 
pure limestone, &c., associated with great masses of trap. These beds contain many fossils, especially 
corals, among which abounded the Favosites polymorpha, and other Devonian forms. From these facts 
we think it obviously follows that the beds of the greater part of this section (extending eight or nine 
miles in length, without taking into account its undefined southern extremity) are Devonian, and that 
the whole series is overlaid by the mountain limestone. 

In a subsequent traverse by Hof and Naila to Gerolsgriin we found black flinty 
slate, with carbonaceous lamine (kiesel schiefer) ; much splintery altered slate 
associated with trap; alum slate with iron stone (near Naila); grauwacke penetrated 
with quartz veins, associated with trap, and almost passing into a quartz rock ; 
soft earthy slate with dark-coloured calcareous bands, &c. We mention these 
phenomena in the order in which they occurred; but the dips were continually 
changing, and we found no fossils ; and out of such materials we do not pretend 
to put together any consistent section. 

Near Gerolsgriin the beds are more free from the influence of trap ; and in some 
fine quarries of sandstone, flagstone, and grauwacke slate, we found fossil shells 
(Delthyris, &c.) and some impressions of small piants. At Langenau, not far from 
this place, is a bed of marble; and a little to the north of it, is a bed of impure 
coal, which they have attempted to work. Of this we saw specimens: but we did 
not visit the spot, as the works were filled with water. As phenomena like those 
just noticed occur in the Rhenish provinces both above and below the great 
Westphalian limestone, we do not pretend to determine the exact place of the 
series of beds in the neighbourhood of Gerolsgriin. 


Gerolsgriin to Prusseck. 


From Gerolsgriin we made our last traverse to the S.W. as far as Prusseck, 
visiting the celebrated quarries near Elbersreute by the way. The early part of 
this traverse was through forests and over rounded hills, that gave no good sec- 
tions; but we marked on the road side much kiesel schiefer, much arenaceous 
flagstone and red shale (like the ‘‘ red drab” of Pembroke and Devonshire), and 
one fine mass of black limestone. Respecting the age of this series of rocks we 
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offer no opinion, as we found not one fossil among them ; simply remarking, by the 
way, that their mineral characters agree well with those of the Devonian system. 

From Elbersreuth we made a short traverse to the N.W. and completed the fol- 
lowing section. See Pl. XXIII. fig. 16. 


1. Contorted masses of arenaceous flagstone and earthy schist, through which at one point bursts 
out an amygdaloidal greenstone. 

2. Marble breccia, the structure probably produced by the vicinity of the eruptive trap, as is hypo- 
thetically represented in our section. 

3. Beds of hard grey limestone with many Orthoceratites and large Encrinites, and we believe also 
with traces of Clymenia, &c. Dip. W.S.W. 

4. A great precipitous gorge, beyond which the great Clymenia limestone rises at an angle of 40°, dip- 
ping about E.S.E. Its fossils are very abundant ; and from this spot Count Minster has obtained his 

-finest species of Clymenia. 

5. Under the whole limestone series are earthy schists containing Cardiola. 

In addition to the fossils peculiar to the beds above described, are several species in common with the 
limestones of Wetzlar, Oberscheld, and Dillenburg. In England the Cardiola is indeed an upper Silurian 
genus, but on the whole evidence we have little doubt that the calcareous rocks here described are Devo- 
nian, and nearly on the parallel of the calcareous series in the neighbourhood of Hof. 


It would require much labour and many traverses to arrange systematically all 
the masses of limestone that appear between Hof and Prusseck, and the chain of 
the Fichtelgebirge. Count Miinster has, we believe, determined three distinct 
bands of limestone containing Clymenie, but they are not geologically far asunder, 
and if our views be correct they all belong to one system. 

We here terminate our remarks on the calcareous series north of the Fichtel- 
gebirge ; acknowledging their imperfection, and especially lamenting our present 
inability of connecting these deposits with those which are expanded farther north 
on the banks of the Saal. At the same time we may remark, that our visit, how- 
ever rapid, satisfied us on one important point (and it was the chief object of our 
visit to the Fichtelgebirge), viz. the age of the great calcareous masses we have 
just described. Before our examination they had been classed with the oldest 
Paleozoic rocks: but seeing that these masses are overlaid by true carboniferous 
limestone, and that they contain the intermediary types so often before alluded to, 
we were convinced on the spot that they ought to be classed with our Devonian 
system. 

We also believe that the rocks, which occupy the mountain tracts of Franconia 
immediately to the north of the calcareous masses above described, are the equi- 
valents of the slaty grauwacke of the Rhine, and therefore on the parallel of the 
Silurian system. But we wish not to dwell on opinions which we are unable to 
confirm, either by the evidence of sections, or by lists of characteristic fossils. 
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Such is the result of our examination of the older rocks of Franconia. Our ge- 
neral conclusions respecting the succession in the Rhenish provinces in Belgium, 
and in the Hartz, which are based upon a much more extensive and accurate sur- 
vey, have been offered in the previous parts of this memoir. Our opinions are 
now presented to the Society in the best form we are able to give them, as induc- 
tions from all the facts we have been able to bring together, supported by such 
natural analogies as bear upon the questions of classification. We may have been 
led into some mistakes by a false interpretation of the evidence (often of a kind 
very intricate and difficult to disentangle) ; but we deny that we have in any in- 
stance turned ourselves away from the evidence that was before us, and based our 
conclusions on a preconceived hypothesis. The general results appear, as far as 
they go, to confirm the justness of the methods by which the geologists of this coun- 
try have toiled to mark out the succession of their formations ; and we think also 
the justness of the conclusions at which we had arrived in former papers, respect- 
ing the true sequence of the older formations of Great Britain. 
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XXV.—On the Fossils of the Older Deposits in the Rhenish Provinces ; 
preceded by a general Survey of the Fauna of the Paleozoic Rocks, and 
followed by a Tabular List of the Organic Remains of the Devonian System 
m Europe. 


By the Viscount D’ARCHIAC and M. EDOUARD DE VERNEUIL, 
Members of the Geological Society of France, &c. 


[Read December 15, 1841.] 
Pratts XXV. to XXXVIII. 


INTRODUCTION. 


ON publishing in these Transactions, and in the English language, a work which 
we at first intended for the Geological Society of France, it may perhaps be useful to 
make known the motives by which we have been guided. For several years the great 
questions of Biology raised by the study of fossils had called our attention to those 
deposits which were first formed on the surface of the globe, and we thought there 
might be found upon this same surface important materials for the history of life, 
—materials which had hitherto been too much neglected ; we also thought that 
any general conclusions upon this subject would appear immature before subject- 
ing those beings which were first developed to a more profound examination. 

Whilst the same idea had led Mr. Murchison to make the first great step in the 
zoological classification of the deposits beneath the carboniferous limestone by the 
establishment of the Silurian and in conjunction with Mr. Sedgwick of the Devonian 
systems, we were occupied in collecting the fossils which are found in the same beds 
in France, in Belgium, in the Eifel, and in various parts of Germany. One of us 
in particular, during several journeys through the Rhenish provinces, had collected 
numerous materials, having been actively seconded by the modest and learned 
geologists of these provinces, who, animated by the true love of science (a dispo- 
sition more usual in Germany than in other countries), are always ready to help 
those who manifest the desire of forwarding its progress. 

We shall particularly mention M. Erbreich, Inspector of Mines at Siegen ; M. 
Schnur, Professor at Tréves; M. Dannenberg, Mining Engineer at Dillenburg ; 
Dr. Hasbach and M. Pongard of Daun ; and we are happy here to offer them our 
grateful thanks for the assistance we have received from them in connexion with 
this subject. Without their aid it would have been very difficult for us to have 
recognized the general laws of classification of these ancient rocks amid the dis- 
order which reigns among them. This useful cooperation had then enabled us 
to amass a tolerably complete collection of facts relating to the fauna of these 
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deposits, and we had proposed to commence the description of them, when one of 
us was induced by Mr. Murchison to accompany him to the Rhenish provinces and 
there examine some of the fossiliferous beds, with the stratigraphical position of 
which Professor Sedgwick and himself had become familiar. 

These gentlemen had already surveyed the Fichtelgebirge, the Hartz, Westpha- 
lia, the Eifel, Belgium, &c. ; and, enabled by a long and careful examination of 
the Silurian and Cambrian deposits in England, to unravel the frequently tangled 
thread of the true succession of these ancient deposits, they had already com- 
pared and placed in the relative positions the greater part of the ancient deposits 
of Germany, and thus held, as it were, the key to the principal divisions which 
might be established among them. It was then, that they proposed to us to 
unite our efforts with theirs, and to accompany the new classification of the 
Paleozoic rocks of the Continent with the description of the fossils of these depo- 
sits ; a proposition which we could not but accept, and with the greater readiness, 
since the larger part of our fossils had been collected in the provinces of the right 
bank of the Rhine, precisely where these gentlemen had found the greatest mass of 
normal facts suitable to be used as the basis of other approximations. This con- 
currence of circumstances, already so much in our favour, added still more value 
to our paleontological researches, inasmuch as the place assigned to our fossils in 
the series of beds was much more precise, and in relation with geological divisions 
deduced from other considerations. . . 

Such was the object we at first proposed to attain, but which the more profound 
study of our subject has extended, even to a degree that we had not foreseen. 
Prof. Sedgwick and Mr. Murchison, in order to establish their classification in 
Western Germany, had commenced from a foundation laid by them in the west of 
England, and it was by analogies which they discovered in the succession of the 
deposits in the Rhenish provinces, that they assigned to them, as well as to those 
of the Eifel and Belgium, the true places inthe series. This proceeding, so rational 
on geological considerations, ought, we conceived, to be followed still more closely 
in the study of the fossils ; and we devoted ourselves to a careful examination of 
every published work relating to this part of the science, at first in the country 
itself by de Hiipsch, Blumenbach, Schlotheim, Kléden, Goldfuss, Beyrich, Bronn, 
and Hermann von Meyer; then in the West, upon the Eifel, by Steininger ; upon 
Belgium by Morren, Davreux, Dumont, and de Koninck ; upon the various parts 
of the British Isles by Martin, Fleming, Miller, Sowerby, Phillips, Murchison, 
Lonsdale, &c. In the East the works of Pusch, Zenke, and Sternberg, also of 
Count Minster upon the Fichtelgebirge and the environs of Elbersreuth, claimed 
our particular attention. It was no less necessary to consult those of Wahlenberg, 
Dalman, Hisinger, and Boek upon the ancient deposits of Scandinavia and its 
dependent islands; and further still, the writings of de Buch upon Silesia and 
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some parts of the north of Russia, while those of Eichwald, Pander, and Fischer 
upon various parts of that vast empire, were also to be carefully considered. 
Lastly, we could not omit the study of the valuable papers published on the older 
deposits of North America, either in the United States by MM. Green, Conrad, 
Troost, De Kay, &c., or in England by Dr. Bigsby and Mr. Stokes. If to this 
already considerable mass of published documents be now added the observations 
which one of us had collected in several parts of Europe, it will be seen that we 
were partly in possession of the elements of a general work on the palzontology of 
the ancient formations. 

Once engaged in this course, we had only to complete our researches by a com- 
parative examination of what had already been done, not only in Europe but also 
in North America, where the deposits of this age are developed upon a scale of much 
greater vastness ; and lastly, we were to add toall this such positive information as 
is found in various scientific Transactions, or given by various travellers upon 
other parts of the globe. After having eliminated the frequent repetitions in the 
genera, and particularly of species, by comparison of the descriptions and figures 
given by authors, as well as by that of the numerous specimens which one of us has 
collected, we have obtained results from this first general sifting which we have 
thought it might be useful to make known on this occasion, at least in a summary 
manner. Surrounded by all these hitherto scattered and consequently ill appreci- 
ated riches, we have thought it requisite to pause, and take a retrospective glance in 
order to verify the course taken by science within ten years, and to expose rapidly 
its progress and its present condition before continuing our march. 

We had therefore a twofold reason for placing this summary at the head of our 
memoir, and making it form the first part. In the second we have described 
the greater portion of those fossils of the ancient deposits of the right bank of the 
Rhine which were still undescribed or imperfectly known, and to thein we have 
added some species from the Eifel. We have endeavoured to be simple, clear and 
precise in our descriptions, but we have omitted nothing which was necessary 
either to characterize the species or to distinguish them from their cognate species. 
That which zoologically constitutes a species is not sufficiently defined to allow 
us to limit our remarks to the enumeration of a few isolated characters ; it 
is necessary to express all of them, because it is from the whole taken together 
that the species results; and this method is the more necessary for the fossils of 
the ancient beds, because they are rarely found complete in all parts. If it be 
observed that many authors have described and figured very incomplete organized 
remains, of which they neither knew the dimensions nor all the characters, the 
necessity of being more severe in labours of this sort will be felt, in order to avoid 
encumbering the science with a multitude of names which really recal to the mind 
nothing more than objects without form or interest. 
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We have already stated, that the object of Professor Sedgwick and Mr. Murchison’s 
memoir is to give a detailed account of the proofs in Western Germany and in the 
neighbouring countries of the equivalents of the Silurian, Devonian, and Carbo- 
niferous systems which are so finely developed in England, and particularly the beds 
representing the Devonian system ; for the other two were already well known, al- 
though not distinctly limited. The journeys performed by one of us with Mr. Mur- 
chison in various parts of Russia subsequent to the first construction of our tables 
have afforded us the means of so materially improving them, and of enlarging our 
general views, that with the approbation of that author we have interpolated some 
of the chief results of the Russian expeditions in the following pages ; thus antici- 
pating in some degree what will hereafter be brought before the public in a separate 
work by Mr. Murchison, M. de Verneuil and Count A. Keyserling. This table, 
which forms the third part of our memoir, is extracted from the ‘Species général de 
la Faune des Terrains Anciens,’ which we are at present occupied in completing. To 
each species we have added a synonymy, which, although not fully extended, will 
always suffice to remove all uncertainty about it. We have also carefully avoided 
citing any localities unsupported by our own observations or by undoubted autho- 
rities, and we have been equally careful in referring each species to its proper bed, 
whether exclusively belonging to the Devonian system, or whether represented at 
the same time in one of the other two systems, or in all three at once. 


PART I. 


A General Survey of the Fauna of the Paleozoic Rocks. 


When the development of organized beings in each formation or great system of 
rocks is studied on a sufficiently extended scale, changes more or less distinct may 
be observed as the inquirer proceeds in certain directions ; and these changes are 
equally evident whether the system be considered in the direction of its vertical 
dimensions, that is, in the order of the successive beds, or in the direction of its 
horizontal or geographic extent. In the latter case the modifications presented 
by the fauna of the system are comparable to what may be observed at the 
present time, not only as regards animals which live in different latitudes, but also 
as regards those which are found upon continents or in seas more or less distant, 
but placed under the same parallel. Already one of us has endeavoured to dis- 
cover the law, ceteris paribus, according to which these various changes were 
effected in the tertiary and secondary deposits, and the details into which we shall 
enter upon the animal organization of the ancient beds, tend to confirm that law 
relating to the distribution and the modifications which species undergo in the 
same system of deposits*. 


* Mém. de la Soe. Géol. de France, t. iii. p. 291; Bull. t. x. p. 168, and t. xii. p. 43. 
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Mr. J. Phillips thinks that the Testaceous Mollusks preceded the Polyparia ; but it 
may be remarked that limestones are rare in the oldest beds, which are almost always 
formed of slates, grauwacke, or quartzite, then in astate of more or less argillaceous 
mud and of more or less impure sand, sometimes fine, sometimes coarse, constituting 
an unfavourable foundation for the stony Polyparia; but this does not follow in 
relation to the naked, the gelatinous, the phytoid or corneous Polyparia, or even 
other more elevated beings, such as the Medusaria, which may have existed before. 
If the waters of this first period contained very little carbonate of lime, and if this 
cause have also contributed with the preceding to the rarity of the stony Polyparia, 
it must also have had some influence over the Testacea. These latter also would 
only have appeared when circumstances had become more favourable, and they 
might have been preceded by a great quantity of soft animals, such as the Actinic; 
an hypothesis which would moreover be confirmed by the bituminous matter con- 
tained in many rocks in which we do not find any organic remains. As to the 
silex, it does not appear to have been found in these waters in a favourable state 
for the existence of sponges, which are rare in these ancient deposits comparatively 
with what are observed in the secondary periods. 

The first seas have been said to have been but of small depth, and that the tem- 
perature, being more uniform than it is now, there resulted a greater uniformity, 
both organic and inorganic, in the character of the deposits ; and it is added, that 
it is only in consequence of the upraising of the beds that the asperities of the 
globe’s surface became more distinct, the seas deeper, external circumstances more 
varied, and animalization also more diversified. If the mineral characters of the 
ancient rocks were more similar to each other than those of the following periods, it 
may be attributed to the circumstance, that all the primary sediments resulted from 
the alteration and decomposition of crystallized rocks differing very slightly in their 
elementary composition. As to the greater uniformity of the organized beings, it 
will appear much less decided than it has long been thought, if, as we are about to 
do, the animals of each great class be considered successively. And lastly, the 
slight depth of the seas, deduced, according to Conrad’s notion, from the absence 
of Cephalopods with an involute shell, is on the other hand contradicted by the 
presence of gigantic Cephalopods with a straight and very fragile shell, which could 
only live in the great ocean and in very deep waters. 

The French translation of the Manual of Geology by Mr. De la Beche, which ap- 
peared in 1833, contains lists of fossils which at.that time were considered rather 
extensive. These lists comprehend 589 species, distributed in the coal-measures 
(properly so called), in the carboniferous limestone, and in the grauwacke group. 
At present, the same series of beds, constituting the Carboniferous, the Devonian, 
and the Silurian systems, present, after deducting the repetitions, 2698 species of 
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animals, belonging to 326 genera, distributed into classes and in each system ac- 
cording to the following table. It is necessary, however, to inform the reader, that 
in the number of species given in the table there are not included, for want of de- 
scription, or sufficiently accurate figures, Ist, the species determined by M. He- 
ninghaus and noticed in the French translation of Mr. De la Beche’s Manuel ; 2nd, 
those mentioned by M. Hichwald in his memoir on the Silurian System of Esthonia ; 
3rd, those alluded to by M. Sandeberg de Weilburg, in a letter addressed to M. 
Bronn, and inserted in the ‘ Neue Jahrbuch fir Mineralogie,’ &c. We have also 
not taken into consideration the distribution of fossil species in the older forma- 
tions of the south of Ireland, as indicated by Mr. Weaver, because there appears 
to be some uncertainty about the true geological position of several of these fossili- 
ferous strata. Lastly, the beautiful work of M. de Koninck not having begun to 
be published till after the completion of our table, we have been able to avail our- 
selves of only a manuscript list which he had the politeness to give us in April 1841. 


RECAPITULATION OF THE FAUNA OF THE PALZOZOIC ROCKS. 
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* The numbers that we have given for the genera and species in this class will be augmented when the discoveries made 
by Dr. Malcolmson in Scotland, Mr. Asmus in Livonia, Courland, &c., shall have been published. 

+ The species in this column may probably at some future time be united to those of the next, since it may be supposed that 
they might have lived during the Devonian period, in the beds of which future researches will not fail to discover them. 

{ The greater number of species in this column are from North America. 

§ In the above recapitulation of Paleozoic species we necessarily depend in many instances upon the names and descrip- 
tions of foreign authors. Not having had it in our power to compare all the original forms, we conceive that, though by the 
deduction of several names which we have ascertained to have been applied to the same shell in distant countries, the numerical 
aggregate may be diminished for the present, yet the amount will doubtless be more than sustained by future discoveries. 
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We will now take a general survey of these several classes successively, com- 
mencing with the more simple and ascending to the more complicated beings. We 
shall point out the principal genera which they contain, their predominance in any 
one of the systems or in any country, and we shall follow, so to speak, their distri- 
bution over the surface of the globe during these three great periods, which com- 
mence with the first traces of life and end with the Magnesian Limestone* of 
England (the Zechstein of Germany, or Permian system of Russia). See letter of 
Mr. Murchison, Phil. Mag. 

In presenting this abridged Table of our present knowledge, we do not forget 
that researches will produce some changes in our numbers, and may modify the 
relations which we have established; but this is the necessary consequence of 
the progress of science, and we shall only rejoice at it: as the errors of determina- 
tion must be proportioned to the number of species, the results will not be sen- 
sibly altered by them. 


General Remarks on the several Classes. 


I. Incerte Sedes.—The remains of organic origin, the characters of which, far 
removed from those of all known types, do not permit us to assign them their pro- 
per place in the series, must naturally belong to the most ancient beds, and, in fact, 
it is in the older slaty schists of Carmarthenshire that the serpuliform bodies, re- 
garded by MacLeay as sea-worms, and to which Mr. Murchison has given the names 
of Nereites, Myrianites, and Nemertites, are found. ‘The Polymeres Demetarum of 
the same author belongs to the Llandeilo beds. The Graptolites or Prionotus (of 
which fifteen species have been pointed out, undoubtedly too many, as Dr. Beck 
thinks) belong to the Silurian system, both in Europe and in North as well as 
South America, and the greatest number of them are peculiar to the lower beds 
of the system. It is probable that the Annulites which Mr. MacClelland found in 
India in the mountain district between Lohooghat and Almorah, in the province of 
Kemaon, belong also to the most ancient depositst. As to the Tentaculites, they 
ascend through all the Silurian beds, and penetrate even into the Devonian lime- 
stone of the Hifel and their equivalents, both in Europe and in North America. One 
species has been pointed out in the south of Africa. The Cophinus and Spongiartum 
belong to the Ludlow beds ; and lastly, the Receptaculites Neptuni, Detr.} (Ischadites 
Kénigii, Murch.), which is also found in the Ludlow beds, may likewise be seen in 

* Although we completely adopt the views of Mr. Phillips in considering the Magnesian limestone as 
containing organic forms of the Carboniferous system, and though we extend this view to the Zechstein 
and to the Permian system, nevertheless the species of these latter beds have not yet been compared 
with sufficient care by us to be comprehended in the following considerations. 


+ Journ. Asiatic Soc. Bengal, vol. iii. p. 628, and vol. iv. p. 520. 
{ Dict. Se. Nat. tome xlv. p. 5. 
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the Silurian slates and the Devonian limestones of Belgium and the Eifel, as well 
as the Pleurodyctium problematicum of Goldfuss*. 

II. Infusoria—Numerous remains which evidently belonged to animals of this 
class have been recognized by M. Ehrenberg in the silex of the carboniferous for- 
mation collected by M. Helmersen upon the banks of the Volga in the vicinity of 
Twer. This very recent observation, not yet published, confirms our views rela- 
tive to the development of organized beings on the surface of the globe. 

III. Polyparia.—We are not aware of the existence of any naked Polyparia in 
the oldest beds. Of Corallines, the Cellarie and the Sertularie appear very rarely, 
whether the traces of them have disappeared, or whether these animals were actu- 
ally few in number. The Spongiaria, as well as the reticulated Polyparia, are but 
little spread in them comparatively with the stony Zoophytes. Among these latter 
we shall mention the Stromatopora, of which one species in particular, the Str. con- 
centrica, Goldf., is very abundant in the Silurian and Devonian deposits in England, 
in the Eifel, and in the Rhenish provinces ; also on both sides of the Ural, and in 
the state of Tennessee in North Americat. The Retepore were particularly de- 
veloped during the Carboniferous period; but the species from which the genus 
Fenestella has been formed, are more numerous in the Dudley and Wenlock beds 
than in their equivalents of Gottland and Esthonia. Two of these species pass 
into the Devonian system. The Gorgonie are not uncommon in the Paleozoic 
rocks. One of them, the G. ripisteria, Goldf., appears to have lived during the 
three periods. The Lithodendron is more particularly seen in the last of them; 
the Cystiphyllum in the two first in England, and in the Devonian system in Bel- 
gium and in the Kifel. 

The great genus Cyathophyllum, such as it is established by Goldfuss, is one of 
the most important, as well on account of the number of species as for their pro- 
fusion in all the periods, and the presence of some of them in the most distant 
countries. Nine species are Silurian, seventeen are Devonian, and eight are 
Carboniferous ; and six are common to the two first systems. 

It is particularly in the Devonian rocks upon the banks of the Rhine and 
in the Hifel that this genus is most extended. It is also very plentiful in the 
Silurian rocks of Scandinavia, and in North America upon the banks of Lake 
Huron, likewise in the states of Ohio, New York and Tennessee. It is to be 
observed that this genus is a dismemberment from the true Astree, which, with 


* M. Goldfuss, Petref. vol. ii. p.286, has inquired whether this organic body may not be referrible to 
the Mollusca ; being of opinion that it was an animal of that class provided with foliaceous branchiz, 
and had the power of affixing itself to shells. 


+ Memoir on the Organic Remains in the Valley of the Mississippi, Trans. Geol. Soc. Pennsylvania, 
vol. i. part 2. p. 248. ° 
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the Meandrine and the Caryophyllee, form at the present day the coral reefs and 
islands of intertropical oceans*. Among the Strombodes, a genus consisting 
but of few species, the S. vermicularis of Lonsdale (Cyathophyllum of Goldfuss), 
is common to the two older systems. Caniniat, a genus containing few species, 
is at present peculiar to the Carboniferous system. The Catenipore (with a single 
exception, which is even doubtful) characterize the lowest system in Russia, in 
Scandinavia, on the banks of the Rhine, and in England, as well as in North 
America: the Syringopore, on the other hand, are pretty equally disseminated ; 
two species are common to the Silurian and Devonian systems, and one, the S. 
reticulata, Goldf., common to Europe and America, is found in all the systems. In 
Russia this genus particularly characterizes the Carboniferous period. 

The Favosites, including the Calamopora of M. Goldfuss, are not less important 
than the Cyathophylla, although the number of species be less: sixteen are distri- 
buted in the Silurian beds in England, in Germany, upon the banks of the Rhine, in 
Scandinavia, Esthonia, and Ingria, or the district to the south of St. Petersburg ; 
as well as in North America in almost all those places where the oldest deposits 
are developed, that is, throughout an extent of nearly 1400 miles from east to west, 
from the Alleghany chain to Engineer Cantonment upon the Missouri, and of 2400 
miles from north to south, or from the shores of the Arctic Ocean and the great lakes 
to the very centre of Alabama. Of the sixteen species, the six most abundant over 
these immense surfaces, i.e. the Favosites or Calamopora alveolaris, Gothlandica, 
polymorpha, Spongites, basaltica, and fibrosa (of which one, the F. Gothlandica, 
occurs in New Holland), continue to be found in the Devonian system, in which 
they are not Jess constant in England, in the north of France, in Belgium, in the 
Eifel, upon the banks of the Rhine, and in Russia. A single species (F. infundibu- 
lifera) appears to be peculiar to that system, and seven are peculiar to the Carbo- 
niferous period. 

The Aulopore are plentiful in the Silurian and Devonian beds, which they do not 
go beyond ; and of five species four are common to these two systems ; and lastly, 
the Alveolites and the Favosites, genera very much reduced according to the latest 
works, are represented in the three systems. 

When taken collectively, the Polyparia are nearly similarly developed in the 
Silurian and Devonian systems, and thirty-six species are common to them. This, 
amounting to about a third of the species in each, is much more considerable than 
for any other class ; for the Brachiopoda, which, next to the Polyparia, contain the 
greatest number of species common to both beds, have only one-seventh. In the 


* The Caryophyllee, the Astree, and the Strombodes are but of slight importance in these ancient 
beds, when the view in which we regard Cyathophyllum is taken. 
+ Michelin, Supp. Dict. des Sc. Nat. tome ii. 
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Carboniferous system, in which the calcareous rocks are nevertheless very exten- 
sive, rather more than a sixth less are found than in the two preceding, and four 
only are common to the Devonian system. Lastly, there are three species only 
found in all the three periods. 

IV. Foraminifera.—The Foraminifera of the Palzeozoic formations have as yet been 
very little studied, and we are well acquainted only with those which have been 
pointed out by M. Fischer in the carboniferous limestone of the government of 
Wiadimir and the heights of Samara on the Volga, in which escarpments more 
than two hundred feet thick are entirely composed of them *. Mr. Phillips men- 
tions remains of this class in the Devonian limestone of Cannington Park in North’ 
Devon, but without detailing their characters or the number of genera and species. 
It is moreover very probable that further researches will make us acquainted with 
a greater number of Paleozoic Foraminifera, analogous to those found in the se- 
condary, tertiary and modern formations, wherever circumstances may have been 
favourable to their preservation. 

V. Radiata.—The remains of animals of this class almost all belong to the great 
family of Crinoidea. The Asterias are very rare, and of Echinodermata four Cida- 
rites alone are quoted in the Carboniferous system, in Ireland +, Scotland {, En- 
gland §, Belgium || and Russia {, and some fragments have been pointed out in the 
Devonian system. Our attention will not be particularly arrested by many genera 
of Crinoidea, which contain only two or three species, and of which the greater part 
have not been noticed except in a single locality, whether Silurian, Devonian, or 
Carboniferous ; but we will pass on to the most important genera. 

The Cupressocrinites, scarcely more than one excepted, are Devonian, from the 
Eifel and the right bank of the Rhine. The Pentremites, of which fourteen species are 
known, are, on the other hand, almost all Carboniferous. It is nevertheless worthy 
of remark, that six species are stated by Dr. Troost to be associated with Calceola, 
Calymene, Terebratula Wilsom, &c., in Ohio and Tennessee, in beds probably older 
than the mountain limestone**. In Europe a single species is mentioned at 
Brushford, in North Devon, in the Devonian beds++ ; and it ascends into the carbo- 
niferous limestone (Ratingen), in which formation the genus attained its fullest 
development. The Poteriocrinites are all from the Carboniferous series, and are 


* In their last expedition in Russia, Mr. Murchison and M. de Verneuil ascertained that these Fora- 
minifera (Fusulines of Fischer, Oryct. Govern. de Moscou ; Alveolines of d’Orbigny) characterise the 
upper beds of the mountain limestone, and range over very distant and extensive districts. 

t Dr. Buckland’s Bridgewater Treatise, vol. i. p. 416. t Ure’s Rutherglen, pl. 16. 

§ Phillips, Geol. Yorks., part 2, p. 208. 

|| De Koninck, Recherches Anim. Foss. Belgique. q Lichwald, Jarhb. fiir Miner. 1840, p. 627. 

**® Trans. Geol. Soc. Pennsylvania, vol. i. part 2, p. 224. 

++ Phillips’s Paleozoic Fossils, p. 29. 
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found in Yorkshire, in the neighbourhood of Bristol, and in Tournay. The Platy- 
crinites, of which nine are Devonian, fifteen Carboniferous, and three common to 
both systems, are found particularly in the mountain limestone of England and 
Belgium, and in the limestones of Devonshire and the Eifel. The twenty-three 
species of Actinocrinites are, on the contrary, equally disseminated in the three 
systems, and are met with in England, in the Eifel, upon the banks of the Rhine, 
and in Sweden. Three are Devonian and Carboniferous, and one is quoted from 
the province of Bolivia*. The Cyathocrinites have nearly the same geological 
distribution : of the twenty-seven species known to us, nine are Silurian, from 
England, Scandinavia and the adjacent islands; ten are Devonian, from the 
south-west of England, from the Eifel, and from Elbersreuth ; and lastly, four- 
teen are Carboniferous, from England, Belgium, and the beds of the same age 
in the centre and south of Russia. Two species, the C. pinnatus, Goldf., and C. 
rugosus, Miller, are common to the three systems. The Melocrinites of Goldfuss 
(one only excepted from the mountain limestone of Stolberg) are all Devonian, 
from the Eifel ; and the same may be said of the Rhodocrinites, one of which (R. 
verus) is quoted by Goldfuss in the Eifel (Petref.), and by de Buch in the De- 
vonian beds of Russia (Beitrige Russl. p. 62). 

On recapitulation we observe that the species of Crinoidea increase from the 
lower toward the upper series in the proportion of 42:59:75. ‘There is only one 
species common to the two lower systems, while on the other hand ten belong to 
both the Devonian and Carboniferous systems, a circumstance exactly the reverse 
of what we have remarked of the Polyparia. 

VI. Annelida.—This class of animals appears to have been but very slightly de- 
veloped during the older periods, if we may judge by the paucity of their remains ; 
possibly the erratic species and those which live in sand may have existed in great 
numbers without having left any traces, while only those which secreted calcareous 
coverings, as the Serpule, though perhaps not more abundant, have been preserved 
to the present age. Four species of Serpule are pointed out in the Silurian systemt, 
six occur in the Devonian, and two in the Carboniferous. 

Vila. Conchifera dimyaria.—The great difficulty of becoming well acquainted 
with the inside of bivalve shells, such as the hinge, the muscular impressions and the 
palleal impression, which are so rarely well preserved in the deposits with which we 
are occupied, should induce caution in admitting the generic approximations and 
decisions that have hitherto been made; nevertheless we have been led to adopt 
the denominations which have been assigned to them by authors in consequence 
of the impossibility of verifying the generic characters and the specific distinc- 
tions of a great number of these shells. 


* D’Orbigny, Voyage dans |’ Amér. Méridionale. + Silur. Syst. p. 700. 
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The shells of the Tubicole appear to be completely wanting in the Paleozoic 
formations. The Pholadarie, the Solenacee, the Myaria, the Mactracee, and the Cor- 
bulacee, are very seldom represented. Among the Nymphacee the Sanguinolarie are 
the most plentiful, particularly in the Devonian system, in which there are sixteen 
species, found in the limestones of the Eifel and of Elbersreuth. Two of these are 
found in the lower system, and the grauwacke of the Rhenish provinces contains 
five. Ten are Carboniferous, the greater part from England, and some of these 
reappear at Peretki in the Valdai and in the government of Kaluga. The San- 
guimolaria angustata, Phil., and S. sulcata, Miinst., are common to the whole series. 
Of seven Lucine five are Devonian and from the Eifel, and the remaining genera 
of this family are unimportant. A single Cyclas is mentioned in the freshwater 
limestone, subordinate to the coal-beds of Westbury in Staffordshire. (Silur. Syst., 
p. 84.) The Veneres are Carboniferous, and the Pullastre Devonian ; they are only 
mentioned as found in England and Belgium. 

The family of Cardiacea increased greatly during the long accumulation of Pa- 
laozoic sediments. The numerous forms of the shells of this family were then ex- 
tremely varied, as they were during the secondary and tertiary periods, and as they 
are in the present seas. We shall see as we proceed, that in general those genera 
which have been capable of resisting all the revolutions of the globe, and which 
from the commencement showed this tendency to an almost infinite variety of form, 
but have preserved certain characters which bring them near to the primitive type, 
have not ceased to exhibit the same polymorphism even to the present time. 

Several divisions have recently been established in the genus Cardium of the older 
beds, which we adopt as subgenera. The Cardiomorphe* are Carboniferous and from 
Belgium ; the Lunulacardie}+ are Devonian, from Elbersreuth and the Fichtelge- 
birge ; the Cardiole}, one only excepted, are also Devonian, and from the Clymenia 
limestone of Elbersreuth ; the Pleurorhynchi§ or Conocardia\| (a subdivision in which 
we only leave the new species4]) are of little importance. The genus Cardiwm, as 
we now keep it, still includes fifty-three species : the Silurian beds contain five which 
are of slight interest, but one of which passes into the Devonian system ; forty-four 
are from the Clymenia and Orthoceratite limestone of Elbersreuth and the corre- 
sponding beds of the banks of the Rhine. The C. palmatum, Goldf., is the most 
common of these species in Westphalia, the Duchy of Nassau, the country of Wal- 
deck, the Fichtelgebirge, and it is also found in Nova Zembla**. In the upper 

* De Koninck, Recherches Anim. Foss. Belgique, p. 101, 1842.—( Note, April 1842.) 

+ Count Minster, Beitrage, Heft iii. p. 69, 1840. t Broderip, Silur. Syst., p. 617, 1839. 

§ Phillips, Geol. Yorkshire, part 2. p. 210, 1836. || Agassiz. 

4] We have provisionally left in several new genera, such species as were not known before under 


another name. 
** A specimen from that country is in the Museum of Paris. 
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system there are seven species, of which one, the C. aliforme, Sow., is common to 
the preceding system, and is found in Ireland, England, Belgium, and at Elbers- 
reuth. Lastly, Isocardie and Cypricardie also appear occasionally in the several 
systems. We must further observe, that the greater part of the Cardiacee of these 
ancient seas are of much smaller dimensions than in those of the following periods, 
in which the species attained (like the greater part of the Acephali) larger and larger 
dimensions without presenting on that account less varied forms. 

There is nothing very particular about the Nucule of this epoch: there are twelve 
species in the inferior system, mostly in the Silurian grauwacke of the banks of the 
Rhine, several in England, and others are found in Scania in diluvium ; seven are 
from the Devonian limestones of the Eifel and Elbersreuth, and fifteen from the 
mountain limestone of Ireland, England, and Belgium. The Cucullee are particu- 
larly found in the Devonian beds of the south-west of England, and one of them 
occurs in the Silurian rocks of the Cedar Mountain in the south of Africa*. The 
Arce, of which one only has been pointed out in the Silurian system, afford three 
species to the middle system in the Eifel, at Paffrath and at Elbersreuth, and thirteen 
to the carboniferous limestone of Derbyshire, Belgium, Silesia, and the north of 
Russia. 

The Megalodontes are peculiarly Devonian ; and one species, the M. cucullatus, 
Sow., is characteristic of this system in the south-west of England, as well as upon 
the right bank of the Rhine. The Modiole and Mytili, rare in the Silurian system, 
are more abundant in the beds which surmount it. These shells are frequent 
enough in the Orthoceratite and Clymena limestones of Elbersreuth, as well as in 
the mountain limestone of England, Belgium, Ratingen, Silesia, and Russia. Two 
Anodontes are mentioned by M. Eichwald as found in the carboniferous limestone 
of the coal region of Donetz{; and of twenty-two species of Umo, twenty-one be- 
long to the coal-measures of England and Scotland, and of the environs of Liége 
and Werden. 

Thus it will be seen that the Conchifera dimyaria are irregularly disseminated in 
the three systems, in which the species of each system are represented in an ascend- 
ing series by the numbers 49, 145, and 126; and of these species nine are Silu- 
rian and Devonian, and five are Devonian and Carboniferous. 

VILb. Conchifera monomyaria.—The Acephala monomyaria present only a small 
number of genera in the seas which precede the deposit of the upper new red 
sandstone or Trias. Count Minster enumerates nine species of Inoceramus from 
the limestones of Elbersreuth and the Fichtelgebirge. One of them, the In. vetus- 
tus, Sow.t, is found also in the mountain limestone of Yorkshire, Belgium, and 


* Mr. Murchison, Silur. Syst. p. 653. + Jahrb. fiir Min. 1840, p. 732. 
¢ This shell, according to the observations of M. de Koninck and our own opinion, should be consi- 
dered a Posidonia (June 1842). 
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in the Devonian beds of the banks of the Rhine. The Pterinee, widely dissemi- 
nated during the Silurian epoch, particularly in the grauwacke of the Rhenish 
province and in the state of New York, become rarer in the beds of the middle 
period in Devonshire and the Eifel. Two species of this epoch are common to the 
preceding system, and five are reckoned in the Carboniferous period in Belgium 
and at Ratingen. The Avicule, on the contrary, increase from below upwards. 
Seven are mentioned in the lowest system in England, in the north of France, in 
the grauwacke of the banks of the Rhine, and in the Eifel, and also in Scandinavia. 
One of the most frequent, the A. reticulata, His., passes into the middle system : 
twenty-three belong to these last-mentioned beds, from Devonshire, the Eifel, Elbers- 
reuth and the Fichtelgebirge ; and twenty-four to the upper system of Yorkshire, 
Belgium, the banks of the Rhine, and Silesia. The Posidonie, whose generic charac- 
ters are still so ill-defined, are found lower down in the series in North America * 
than in Europe, where they begin to appear only in the Devonian system of Elbers- 
reuth. They are particularly abundant in the culm-measures of Devonshire, and 
in the carboniferous slates of the banks of the Rhine. The P. Becheri, Bronnf, is 
the most common of these latter. 

The increase in number of species from the lower to the upper beds is still more 
decided in the Pectines than in the Avicule, for only two are known in the Silurian, 
even if the grauwacke of Glatz in Silesia does really belong to the first system ; but 
fourteen species are found in Devonshire, the Rhenish provinces, and the Volkof; 
and thirty-two in the Carboniferous system of the north and west of England, in 
that of Belgium, the banks of the Rhine, Silesia, the Valdai hills and Vitegra in 
Russia, and even in the province of Bolivia in the centre of South Americaf. 

Thus four genera alone had acquired any importance during this long series of 
deposits, and we much doubt if the family of the Ostracea, as well as the great 
genera Lima and Spondylus, which, setting off from the Muschelkalk, have been 
increasingly developed until the present time, had any real representatives in the 
ancient seas before the Zechstein epoch. It is in limestones above the true Carboni- 
ferous system, but yet containing Producti and Spirifert, that one of us has this year 
discovered an Ostrea near Arzamas, in Russia§. As to the numerically specific 
increase of the Conchifera monomyaria in the three systems, it is represented by the 
numbers 33, 60, and 77; of these, three species are common to the first and 
second system, and five to the second and third. 

VII c. Brachiopoda.—If the Mollusca monomyaria and dimyaria are in these ancient 


* New York States Geological Report, 1840, p. 454. 

+ Leonhard’s Zeitung fiir Miner. 1828. { D’Orbigny, Voyage dans l’Amérique méridionale. 

§ This and other facts before alluded to in Russia are explained in a memoir by Mr. Murchison, M. 
de Verneuil and Count Keyserling, now in course of reading before the Geological Society of London.— 
March 1842, 
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beds represented only by a feeble development in comparison with that which they 
exhibit in the secondary and tertiary periods and have since acquired in the present 
seas, the Brachiopoda, on the contrary, display a variety of forms, an abundance of 
species, and a profusion of individuals greater than we find in any other epoch. 
Notwithstanding the constancy of the fundamental type of the animals of this 
order, the subtypical forms have, during the deposition of the various Paleozoic 
rocks, undergone changes and developments often the reverse of each other ; we 
therefore pause a few moments to consider the interesting and striking relation of 
these forms with the antiquity of the beds in which they occur. 

The true Producti, which we distinguish from those Brachiopoda provisionally 
retained by us under the name of Leptena, do not appear to have existed during 
the Silurian period, either in Europe or in other parts of the globe. Of four species 
noted in the Devonian system, and found in the south-west of England, in the north 
of France, in the Eifel, at Refrath, and in Russia, three are common to the Carboni- 
ferous system. The Pr. subaculeatus, Murch.*, is the most constant in the middle 
system of the north of France, of Belgium, and of the Eifel, and it extends even 
into the northern and central parts of Russia. 

This genus, on the contrary, increased so greatly, both in number of species and 
in dimensions, during the Carboniferous epoch, that it might alone, so to speak, be 
taken to characterize it; the Productus Martim, P. antiquatus, P. comoides, P. 
lobatus, P. giganteus, and P. punctatus, of Sowerby, are profusely disseminated not 
only through the Carboniferous system in Ireland, Scotland, the north and west of 
England, in France and Belgium, and on the banks of the Rhine, but also in the 
basins of northern, middle and southern Russia, upon both flanks of the Ural, and 
lastly, most of them are found in the carboniferous rocks of North America t. 
Of seventy-two species of Productus of this period, the greater number are found 
in the mountain limestone of Yorkshire, Derbyshire, the province of Liége, at Ra- 
tingen, and in the north of Russia; but we must also remark, that they do not 
cease to be observed even in the beds of the coal-measures, as we know that they 
occur in them at Coalbrook Dale}, or in those districts in which the mountain 
limestone no longer forms a distinct platform at the base of the Carboniferous sy- 
stem, but where it is confounded with other coal-measures, as at Sablé (France), in 
the north and south of Russia, and in North America. In the province of Bolivia, 
M. Alcide d’Orbigny has pointed out nine species of Productus, and he has shown 


* Bull. Géol. Soc. de France, tome xi. p. 255, 1840. 

+ The Productus antiquatus is found at Spitzbergen with other carboniferous forms, also in South 
America, on the shores of Lake Titicaca (April 1842). 

{ See Mr. Prestwich’s Memoir on the Structure of Coalbrook Dale, Geol. Trans., 2nd Series, vol. v. 
Part 3. 
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that the Calcaire a Producte is blended with the coal-measures. The genus is still 
to be seen above the coal-measures, but disappears after the magnesian limestone 
or the zechstein, and the corresponding beds in the governments of Archangel, 
Vologda, Perm and Orenbourg *. 

The Leptene, among which we comprehend the greater part of the Strophomene, 
present, according to our views, characters which place them naturally between the 
Producti and the Orthides; but as relates to their distribution among the three 
systems, it is analogous to that of the species of this latter genus, for there are twenty- 
two Silurian, ten Devonian, and four Carboniferous. The Silurian species, among 
which we may particularly distinguish the L. sericea (Sow. Sil. Syst.) as one that 
is found in the most distant countries, are principally from the border counties of 
England and Wales, and from the grauwacke of the banks of the Rhine. Some 
are found in Scandinavia and in the dependent isles, also in the state of New 
York +. The Leptena sarcinulata (L. lata of M. de Buch), the most common 
species in Europe, and which passes into the Carboniferous system, has been men- 
tioned, but with a doubt, as occurring in the south of Africat. Of ten Devonian 
species, one, the L. analoga, Phill., is also found in the superior system ; it is one 
of the most common not only in England but in Belgium, and in the states of 
Ohio and New York. 

The genus Orthis§, which is much more numerous than the genus Leptena, fol- 
lows, in its vertical distribution, a precisely analogous ratio of decrease. Sixty-four 
species are Silurian, thirty-five Devonian, and fifteen Carboniferous. Nine species, © 
common to the first two systems, serve to denote an intimate connexion between 
them, such as the Polyparia have already demonstrated. The O. Callactis is the 
most exclusively Silurian species, and is found in England, in Scandinavia, in 
Russia, in the state of New York, and in the south of Africa. The O. lunata 
(Sow. in Sil. Syst.), and O. testudinaria, Dalm.|, which also pass upwards into the 
Devonian system, are frequent in various parts of Europe and North America. 


* We are happy to inform the paleontologist that M.de Buch has just completed a monograph of the 
genus Productus, which will complete his works upon the Brachiopoda family, on which he has thrown 
so much light. (June 1842.) 

+ We have seen in the interesting collection of Mr. Logan, who is well acquainted with the geology 
of some parts of North America, that the Leptena sericea is one of the most common shells at Montreal 
and in the limestone of Upper Canada. (May 1842.) 

t Silur. Syst., p. 583, note. 

§ We have united several of M. Pander’s genera to Orthis, and have much reduced the number of 
species which he had established provisionally. 

|| Orthis lunata, O. testudinaria, O. hybrida, O.basalis and O. elegantula, characterized by their 
bent striz, the first of which turn back to the hinge, are difficult to distinguish from each other by the 
insufficient descriptions which are usually given. 
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The species peculiar to the middle system have very seldom been found identical 
in many distant regions, and the same may be observed in regard to those of 
the superior or Carboniferous system. The O. Umbraculum, as it is defined by M. 
de Buch, seems to bind together the Devonian and Carboniferous systems in seve- 
ral parts of Europe, and the O. rugosa (Leptena, Dalm.) the two inferior systems 
on this side of the Atlantic, as well as on the other, where it is found in the 
Catskill Mountains, in the beds of Trenton Falls, and in Pennsylvania. 

The species for which we have provisionally retained the generic names of Del- 
thyris and Cyrtia are all Silurian, and from Scandinavia and the state of New York. 

The Spiriferi * present, so to speak, an intermediate distribution between that of 
the Producti, the number of which increases very rapidly in the superior system, and 
the Terebratule, the species of which are almost equally disseminated in the three 
systems. Inthe same manner, the Spiriferi increase from below upwards, but follow 
a much less rapid progression than that of the Producti, being represented by the 
numbers 29, 50 and 74. There are but few species exclusively Silurian, which 
are found throughout a certain extent of country, and consequently may be re- 
garded as really characteristic of the inferior system. In the middle system we 
find the S. heteroclites (de Buch) in Devonshire and on the right bank of the Rhine ; 
the S. speciosus (Schlot.) in Devonshire, Belgium, the Eifel, Russia, the Ural, and 
in the Cedar Mountains north of the Cape of Good Hope; the Sp. Verneuilli 
(Murchison +) in the Bas Boulonnois, Belgium, Voroneje in Central Russia, and 
as far as Smeinogorsk and Berosowa in the Altai. The species exclusively Car- 
boniferous are very numerous in the mountain limestone of England and Belgium, 
and a few of them extend to the several basins of Russia, where they occur with 
other peculiar species, and M. d’Orbigny has found some of them in beds of the 
same age in South America. The Spiriferi of the Carboniferous system are in general 
distinguished by their less numerous, wider and more rounded, and frequently dicho- 
tomous plaits. The species also attain greater dimensions, are more commonly glo- 
bular or rounded in form, and are generally smoother than in the older formations. 
Among the Spiriferi common to two systems, we may mention, as being both Silurian 
and Devonian, the Sp. trapezoidalis (Cyrtia, Dalm.), which is found in England, in 
Belgium, upon the banks of the Rhine, in Scandinavia, and in the north of Russia ; 
and the Sp. macropterus (Goldf.), from the Eifel, the Rhenish provinces, Russia, 
Kunawur in the Himalayat, the Cedar Mountains in the south of Africa, the state 
of Ohio, and the lower Silurian beds of the state of New York. The latter is the 


* We have united Trigonotreta to Spirifer. + Bulletin Géol. Soc. de France, tome xi. 
t Dr. Royle’s Illustrations of the Botany, &c., of the Himalaya Mountains, Part XI. Fossils, pl. 3. 
f, 23, and p. xxix. 


272 


Q 


320 Viscount d’Arcuiac and M. pE VERNEUIL 


only species that has been hitherto met with in the four quarters of the globe. Among 
the ten Devonian and Carboniferous species, we may notice the Sp. oblata (Sow.), 
as being found in Ireland, England, Belgium, the Eifel, and as occurring in Van 
Diemen’s Land; likewise the Sp. glaber, Sow., over all Western Europe and in 
the state of Ohio. The three species which are met with throughout the entire series 
of ancient deposits are, the Sp. octoplicatus, Sow., the Sp. crispus, Dalm., and the 
Sp. striatulus, Schlot., but the S. striatulus is extremely rare. 

The Pentameri are hitherto exclusively Silurian. This genus is largely repre- 
sented in the Ural chain, and species different from those of Europe are distributed 
from Bogoslofsk in the north to Bielozeskoi in the south. (April 1842.) 

The Strygocephali, on the contrary, are peculiar to the Devonian system, and 
the S. Burtini (Bronn) is very characteristic of its beds on the right bank of 
the Rhine and in Devonshire. These shells appear to be very rare in the strata of 
the same age so highly developed in Russia, for we have found only a single in- 
dividual in the Ural. 

We have retained provisionally the name of Atrypa for those shells which have not 
yet been placed in any other genera, but it must be acknowledged that this group 
is not zoologically well characterized, and that its distribution in the three systems 
is but of minor interest: twenty-six Silurian species occur in England and Scan- 
dinavia ; twenty-one Devonian are found in the south-west of England, as well as 
eight which belong to the Carboniferous system. 

The Terebratule, as we have already mentioned, are almost equally distributed 
through the three systems in Europe ; there are fifty Silurian, forty-nine Devonian, 
and forty-four Carboniferous. This near equality of distribution is maintained in 
relation to such of them as are common to two systems, for there are thirteen 
which are both Silurian and Devonian, and ten Devonian and Carboniferous. 
The greater part of the Terebratule peculiar to the Silurian system are from the 
border counties of England and Wales, as well as from Scandinavia, and some are 
found in Esthonia, Ingria, south of St. Petersburg, and in the province of Bolivia. 
Conrad does not admit the existence of a single true Terebratula in the Silurian 
system in the United States ; but we must remark, that this zoologist cites shells 
under the name of Atrypa, which, in our opinion, are true Terebratule, and which 
have in general been regarded as such down to the present time. 

In the middle system the Terebratule abound, particularly in Devonshire and in 
the Eifel, on the right bank of the Rhine, and in the limestones of Elbersreuth. 
Among the species peculiar to this system, the T. ferita, and the T. concentrica of 
de Buch, are very characteristic in Devonshire, the Bas Boulonnais, the Coten- 
tin, Belgium, the Eifel, the environs of Cologne and Russia: one of the most 
interesting in Russia is the T. Meyendorfii, nob., which is very abundant on the 
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banks of the river Volkof and in the government of Pskof; it is also found 
near the source of the Vitchedga, not far from the northern Ural. Those which 
belong both to the Silurian and Devonian systems are found over a much more 
considerable space; thus the T. Wilsom, Sow., of England, is to be met with 
also in Belgium, in Russia, in the island of Gottland, and in the states of Ohio 
and Tennessee. The T. prisca and T. aspera, Schlot., are found in England, in the 
north of France, in Belgium, in the Eifel, upon the banks of the Rhine, in Scan- 
dinavia and the islands of the Baltic, also in Livonia, Esthonia, Ingria, the Uralian 
chain, on the banks of the Thracian Bosphorus, near Smeinogorsk on the north side 
of the Altai ; in America in the states of Tennessee, Ohio and Pennsylvania ; and, 
finally, in the slaty clays of Moscow (New York) and on the banks of Lake Erie. 

The superior or Carboniferous system in Ireland, Yorkshire, Derbyshire and the 
west of England, encloses a vast number of Terebratule, as well as the mountain 
limestone of Hainault and of the provinces of Liége and Namur. They are not 
so numerous in the carboniferous beds of the north and south of Russia. The 
species peculiar to this system are not in general extensively distributed ; those 
which are common to it and to the middle system have, on the contrary, been 
collected very far apart ; thus the Terebratula hastata (Sow.), from Ireland, England, 
and Belgium, has been found in Russia and as far as the Altai chain; the T. acu- 
minata, Sow., is common to both systems in England and in Belgium ; and lastly, 
the T. Pleurodon, Phill., occurs not only throughout Western Europe, but also in 
Silesia, Livonia, and the Valdai near Smeinogorsk in Asia. It is not certain that 
any species traverses the entire series of Paleeozoic rocks. 

If it were sought to establish any general difference of character in the Tere- 
bratule of the three systems, it might perhaps appear that the striated or very 
finely plicated species with sharp folds prevail in the Silurian; that in the 
Devonian these characters have a tendency to become less strongly marked, and 
that the species with cross striz and with a rugose surface, in consequence of the 
decussation of these strize by longitudinal folds, become more abundant; and, 
lastly, that the Carboniferous species have their folds larger and less numerous, 
and that the shells are more frequently smooth and even, and that, like the Pro- 
ducti and Spiriferi, they attain dimensions much more considerable. 

The genus Ungulites of Pander (Obolus, Eichw.) is known to be plentiful in some 
Lower Silurian grits in the neighbourhood of St. Petersburg, but it does not extend 
to the west of Revel. Two Crani¢ are mentioned in the Eifel, and one species is 
not rare in the Silurian beds of the neighbourhood of St. Petersburg and along the 
shores of the Baltic in Esthonia. The Lingule and Orbicule, often but indistinctly 
characterized, have been found in the several systems, but no species appears to 
pass from one to another. Lastly, the Calceola sandalina, Lam., which fairly pecu- 
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larises the Devonian period in the west of England, Belgium, the Eifel and the right 
bank of the Rhine, has also been noticed in the states of Tennessee* and Ohio. 

If we reflect for a moment upon the four principal divisions of the great family 
of the Terebratule, that is, the Producti, the Orthides, the Spirifert and the Terebra- 
tule proper, all the others being capable of combining with these, we shall perceive 
that their proportions and their mode of distribution in the three systems being 
known, one might, by deduction from such knowledge, judge @ priori what would 
be their relative development in succeeding periods. Thus the Producti, which are 
so suddenly and copiously displayed in the Carboniferous system, would not, it 
might be inferred, at once disappear in the next overlying deposits, nor survive 
long after the exceptional circumstances which had caused so rapid an extension ; 
and, in fact, they disappear above the zechstein and the contemporaneous beds both 
in Western and Eastern Europe. The Orthides, although decreasing upwards, had 
still sufficient representatives in the superior system to survive the epoch of the 
coal-measures ; and one species, O. Laspii, Buch, lived during the epoch of the 
zechstein, being found in that formation at Ropsen, near Gera. The Spiriferi, on 
the contrary, increasing slowly upwards, ought to have survived both the Producti 
and the Orthides, and they are found even to the upper parts of the lias. Lastly, 
the Terebratule, which maintained a nearly equal proportion during the whole of 
the great series of Paleozoic rocks, uninfluenced by the changes which took place 
in the ancient seas, ought to have long outlived all the other genera ; and we observe, 
in fact, that they have so resisted all the revolutions of which our globe has been 
the theatre, that they abounded in profusion at all periods, and that they are 
numerous in the present seas: but by a singular anomaly we do not know any 
species of Terebratula which lived during the three Paleozoic epochs. 

It has been seen by the details which we have given of the species common 
to two systems, that those which have been found most extensively in a vertical 
direction, or which have the greatest range in the successive deposits, are generally 
those which have the most extended geographical distribution, and have been met 
with at the greatest number of places and at very considerable distances ; and 
indeed it may easily be conceived that the species whose organization enabled 
them to live through several consecutive periods, would at the same time be those 
which could exist under the most different external conditions. 

A last remarkable result of the inverse distribution of the species of each genus 
of Brachiopoda in the three systems, as shown in the foregoing Table, is, that the 
total of the species in each of them is but slightly different, and that the number 


* Dr. Troost, Organic Remains, Valley of the Mississippi, Trans. Geol. Soc. Pennsylvania, vol. i. 
p- 249. 
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of the species common to two of these systems is almost perfectly equal, whether 
in reference to the first and second or to the second and third. 

VIII a. Gasteropoda.—Like the Conchifera monomyaria and dimyaria, the Gaste- 
ropod Mollusca were far from presenting during the Palzeozoic such numerous genera 
and species as during the following periods, and their feeble relative proportion is even 
yet more striking. The Phyllidiane and the Calyptraciane have some representatives 
in the three systems, but they do not possess any particular interest. Shells related 
to the genus Melania are very plentiful in the mountain limestone of Belgium ; and 
it is the same with the Natice, which are also very common in Yorkshire and in 
the Rhenish provinces, and one species, the N. subcostata, nobis, is very abundant 
in the Devonian beds of Paftrath. Some species are found in the Carboniferous 
system of the north of Russia, and two in the province of Bolivia. Shells related 
to Nerite have been pointed out in the Silurian beds of England, in the Devonian 
system in England and at Elbersreuth, also in the mountain limestone of Belgium 
and the British Islands. The Schizostome, which begin the series of genera cha- 
racterized by a fissure in the right lip, and at that time so well developed, are pecu- 
liarly Devonian, but are still few in number. The S. radiata, nob., is found in 
Devonshire and the Eifel. 

We pass over some unimportant genera to come to the Euomphali, which were 
very numerous during the three ancient periods. Seventeen are Silurian, and 
are very plentiful in that system in England and Scandinavia. The E. rugosus, 
Sow., £. funatus, id., and E. alatus, His., are particularly characteristic of it. 
Among the seventeen of the middle system found in England, on the banks of the 
Rhine and at Elbersreuth, the E. annulatus, Phil., alone is found both in Devon- 
shire and in the Rhenish provinces. The species common to the two lower systems 
have a wider geographical range ; the EH. gualteriatus of Schlotheim, in particular, 
is stated to occur at Christiania, in the islands of Gottland, Aland, and Dago, at 
Revel, Paffrath and Chimay. The Carboniferous system is still richer in species 
than the preceding ; they are frequent in the mountain limestone of Yorkshire, 
Belgium, the banks of the Rhine, and north and central Russia. The E. pen- 
tangulatus and E. Catillus, Sow., are characteristic of this system throughout that 
extent, and the latter, according to American authorities, is also found upon the 
shores of Lake Erie and in the state of New York. The E. Labadyei, nob., and 
E. Serpula, de Kon., are found both in the Devonian and Carboniferous systems. 

Among the Cirri (a genus that we retain provisionally) there are also some 
Devonian and Carboniferous species. The C. rotundatus, Sow. (Euomph. Dionysii, 
auct.), is frequent in the beds of the upper system, and a conoidal variety is found 
at Paffrath. 

The Pleurotomarie, still more numerous than the Euomphali, are very unequally 
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distributed in the three epochs : the number of species increases from below upwards 
in the following progression, viz. three are Silurian, nineteen are Devonian, and 
forty-nine Carboniferous. The species in the first system are unimportant. Those 
peculiar to the second are particularly developed in Devonshire and in the cor- 
responding deposits of Paffrath and Villmar on the right bank of the Rhine, 
although there are really very few species common to the two localities. The 
P. expansa, Phil., P. monilifera, id., P. Defrancii, nob., and P. limbata, Phil., 
lived through the two latter periods. The P. Delphinuloides, Goldf., and its 
numerous varieties, seem also to belong to both systems. The Pleurotomane, 
which, with many other genera, are lost sight of from the coal-beds to the has, 
reappear in great number in the lower beds of the oolitic series and decrease 
successively in the newer deposits, until they are represented in our present seas 
only by the little genus Scissurella. 

The Trochi, much less abundant than the Plewrotomarie, are nevertheless dis- 
tributed in the same manner in the three systems, whether in a horizontal or 
vertical direction. The T. helicites, Sow. (in Murch. Sil. Syst.), is both Silurian 
and Devonian. The T. Bouei, Stein.*, belongs to the second system in the south- 
west of England, in the Eifel, and at Paffrath. The T. Yvaniit+, Lev., appears to have 
lived in the last two periods. The species of Turbo are more equally distributed 
in the three systems. The Turritelle of the ancient epochs are in general insufi- 
ciently characterized, in consequence of their having almost always lost the 
mouth. Among the twenty-six species which now remain, of which it will un- 
doubtedly be necessary to suppress some, three are Silurian, eight Devonian, and 
fourteen Carboniferous. 

The Murchisonie {, on the contrary, are neatly characterized shells, and appear 
to have been peculiar to the ancient beds: four species are Silurian, ten Devonian, 
and four Carboniferous ; and three are both Devonian and Carboniferous ; namely, 
the M. spinosa, Phil., M. angulata, id., and M. teniata, nob. These shells are 
particularly abundant in the Devonian beds of the banks of the Rhine. The 
genus Loxonema§, which consists of shells formerly classed among the Terebre 
and Melame, is also more exclusively Devonian. The L. rugifera and L. tumda, 
Phil., are nevertheless found in the two upper systems. The Buccina, only one 
species of which is noticed in the Silurian system, are less rare in the interme- 
diate, and twelve are reckoned in the superior system. The B. acutwm and B. m- 
bricatum lived in large numbers during the Devonian and Carboniferous periods in 
England, in Belgium, and on the banks of the Rhine. The B. arculatum, Schlot., 


* Mém. Géol. Soc. de France, tome i. + Ibid. tome ii. p. 39, 1835. 
t See posted, p. 356, and Bulletin Soc. Géol. de France, tome xii. p. 154, 1841. 
§ Phillips, Pal. Foss. Cornwall, &e. p. 98, 1841. 
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presents numerous varieties in the limestones of Paffrath, as well as the B. Schlo- 
fheimii, nob., which is also found in the corresponding beds of Devonshire. Those 
shells of the older beds which have been united to Buccinum, differ nevertheless 
in the characters of the aperture sufficiently to authorize the establishment of the 
subgenus proposed by Phillips under the name of Macrocheilus*. With respect to 
the other genera of Gasteropods which have been noticed as represented in the 
first sedimentary beds, we think it right to say that they are only approximations 
too incomplete to be mentioned here. 

In considering collectively the number of species of this class distributed in each 
system, a very decided increase from below upwards may be observed, for there are 
63 Silurian, 116 Devonian, and 225 Carboniferous ; a progression which appears to 
have been continuous to the present time, notwithstanding some local and momen- 
tary interruptions in the secondary periods. 

VIII 6. Pteropoda.—We refer provisionally to this class the genus Conularia, of 
which we know eleven species ; or six Silurian, four Devonian, and two Carbo- 
niferous. The C. quadrisulcata, Sow., belongs to the uppermost system only, having 
been wrongly noticed as belonging to the more ancient beds. The Conularie are 
spread over the various parts of Europe and North America, and are also found in the 
south of Africa: they do not appear to show themselves above the coal-measures. 

VIII c. Heteropoda.—Bellerophon is a genus peculiar to the Paleozoic deposits of 
the several epochs, in which specimens are more or less extensively distributed. As 
in the preceding genera, the species peculiar to any one system are usually found 
only in a few localities, and consequently it must very rarely happen that any one 
species should characterize a system through any great extent of country. Fifteen 
are Silurian, twenty-one Devonian, and six are common to the two series. Among 
these we shall mention the B. Murchisoni, d’Orb., of the tilestone or lowest stratum 
of the old red sandstone of England +, and which is also found in the slates of 
Wissenbach ; then the B. trilobatus, Sow. (in Murch. Sil. Syst.), B. carinatus, id., and 
B. acutus,id. The last, which belongs to the lower Silurian beds of England, reappears 
in the limestones of Elbersreuth, and is found in the ancient beds of Southern Africa. 
The Carboniferous system is still richer than the preceding ; it contains thirty-six 
species, which are very common in the mountain limestone of Scotland, Ireland, 
England, Belgium, and of the north and centre of Russia. The B. Vernewilli, d’Orb., 
of Visé has been likewise found in the Altai. Lastly, the B. Uriz, Fleming, (B. Atlan- 


* Palzozoic Fossils of Cornwall, &c., p. 103 et seg., 1841. 

t We are informed by Mr. Murchison that he has no objection to admit his tilestone group of the Old 
Red or Devonian system into the Silurian system. Indeed in his work he shows by the fossils that these 
tilestones are beds of passage between the two systems, and that they were grouped with the Old Red 
chiefly on account of their geographical position, structure and colour.—March 1842. 
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toides, d’Orb.), and B. apertus, Sow., common to the three systems in England, 
Belgium, and on the banks of the Rhine, show their close mutual relations. In 
North America this genus equally characterizes the Paleozoic rocks, not only in all 
the northern states on the shores of the great lakes, but also of those which occupy 
the centre of the great vale of the Mississippi, and on the west of that river even to 
the foot of the Rocky Mountains in the Missouri, the Prairies and the Arkansas. 
VII d. Cephalopoda.—tf we judge of the number of animals of this class which 
peopled the primary seas only by the remains of their solid parts which have been 
preserved until our time, we should readily regard them as nearly equal to the Bra- 
chiopoda ; it is, however, probable that those seas furnished nourishment to great 
numbers of naked Cephalopods which have left no evident trace of their existence. 
The Nautih are rare in the Silurian system: we have seen descriptions of only 
four in Europe, of which one is stated to be found in the island of Gottland *, two 
occur in Esthoniat, and one in the Caradoc sandstone of Llandovery {. Only two 
are Devonian, from the south-west of England; but forty are Carboniferous, and 
are distributed through the beds of this system in Ireland, England, Belgium, on the 
banks of the Rhine, and they extend as far as Donetz and even to the Ural chain. 
The N. globatus, Sow., multicarinatus, id., cariniferus, id., tuberculatus, id., and sul- 
catus, id., are those which are found at the most distant points. The species of 
this genus found in the ancient beds are generally small, and some of them have 
one or two keels, a character which is no longer found in the secondary and more 
recent periods, in which, moreover, the Nautili attain much greater dimensions. 
We will here regard the Orthoceratites as a great family, in which we shall arrange 
as genera and subgenera those species which are more or less spiral at their summit, 
more or less inflated toward the aperture, or those in which may be remarked a 
siphon, whose singular and varied form indicates important modifications in the 
organ which occupied it ; and we retain the name of Orthoceratite for those which 
are straight and regularly conical. vii 
The Orthoceratites, properly so called, are extremely abundant in the deposits 
anterior to the Carboniferous ; and the nearly equal distribution of the species in the 
three systems is a remarkable circumstance, which we have yet had occasion to 
notice only in‘reference to the Terebratule. The forty-six Silurian species almost all 
belong to England and Scandinavia ; a very few are found in the Upper Silurian 
rocks of Esthonia§, Ingria, in the beds of Trenton Falls ||, and in those of Tennessee]. 


* Hisinger, Lethzea Suecica, tab. 7. fig. 1; Sowerby in MS. 

+ Eichwald, Syst. Silur. Esthonie, p. 113. { Murchison’s Silur. Syst., pl. xxii. fig. 7, p. 642. 
§ Eichwald sur le Systéme Silurien de I’Esthonie, 8vo, 1840, p. 99. 

|| State Reports, New York, 1838, p. 115; 1840, p. 371. 

{| Troost’s Memoir Org. Rem. Valley of the Mississippi, Trans. Geol. Soc. Pennsyl., vol. i. pt. 2. p. 248. 
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Of the forty-seven species of the Devonian system the greater part belong to the 
limestones of Elbersreuth and the Fichtelgebirge, and they are less plentiful in the 
beds of the same age on the banks of the Rhine, in the Eifel, Belgium, and the west 
of England. The seven species which are common to the first two systems are 
also obtained in the most distantly separated countries: such are O. Ibex, Sow. (Sil. 
Syst.), found in England, at Wissenbach and Gottland; the O. Ludense, id., of 
England, Elbersreuth and Revel; the O. regularis, Blum., and O. Calamiteus, Count 
Minster. The fifty-two Carboniferous species have been particularly observed in 
Scotland, and in the mountain limestone of Ireland, Yorkshire and Belgium. They 
are not common in the coeval deposits of the north of Russia. The O. Unguis, 
Phil., O. Steinhaueri, Sow., and O. Gesneri, Mart., have been pointed out as occurring 
at the most distant localities in Europe. Three species, the O. cylindraceus, O. la- 
teralis, and O. giganteus, are Devonian as well as Carboniferous ; and the O. imbri- 
catus, Wahl., with O. cinctus, Sow., unite the three systems together. 

If the great development of the Orthoceratites in the ancient seas of our hemi- 
sphere be considered, it will appear astonishing that only five or six species should 
be known in North America, where the contemporaneous deposits are so much 
more greatly extended ; but a sort of compensation is established between the two 
sides of the Atlantic by means of other genera, as we shall presently show. 

The Cyrthoceratites are very scarce in the Silurian system, but they are exten- 
sively developed in the Devonian, in which are reckoned twenty-one species, 
from the south-west of England, the Eifel, and the banks of the Rhine. One 
of these is noticed at the cascade of Montmorency in Canada. Of nine Carboni- 
ferous species, eight are from the environs of Tournay, and the ninth, common 
to this and the preceding system, is found in Devonshire and the north of Russia. 
Of the Phragmoceratites, four belong to the Ludlow beds and two to the limestones 
of the Eifel and Elbersreuth. Of ten species of Lituites, nine are Silurian, and 
occur in England, Scandinavia, and Esthonia. 

We have just remarked upon the rarity of the true Orthoceratites in North 
America, and the same may be observed relatively to these last genera: still this 
great family is not the less fully represented ; only, instead of specific characters, 
taken from the external shells, much more decided differences may be observed— 
differences in accordance with the organization of the animals which occupied the 
shell. If the species which have been made in Europe are more numerous, the 
types of the genera or subgenera in America are more varied. Thus the Conotu- 
bularie of the state of Tennessee* have only two analogues in Europe, the O. cras- 


* Troost, Org. Rem. Valley of the Mississippi, Trans. Geol. Soc. Pennsyl., vol. i. part 2. p. 248, 
1835. 
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swentris, His., and O. cochlearis, Schlot.* The Actinoceratites and the Conoceratites, 
from the island of Thessalon in Lake Huron and from Lake Winipeg, are nearly 
all peculiar to those countries, as we know of only one European species, which is 
found in Ireland+. The Ormoceratites{, the siphon of which, when cut through, is 
characterized by singular volutions, belong moreover to the same regions, as well as 
the Orthostoma communis § of the state of New York, and the Spirule from Tennessee]. 

Of all the genera which we have as yet recalled to notice, no one has presented 
so confined a distribution united to so great a local development as the Clymenia. 
Thus, of forty-three species, three belong to the Silurian formation of Esthonia, 
according to Professor Eichwald ; and of thirty-nine Devonian, thirty-five are con- 
fined to the limestones of the Fichtelgebirge, Elbersreuth, and Silesia; and of these 
thirty-five, three are found in Devonshire associated with four others. It is not 
impossible that some Goniatites, whose chambers are not known, and which are 
found in Silesia and upon the banks of the Rhine, may be true Clymenie ; as the 
beds which contain them also belong to the Devonian system. A single Clymenia 
has been discovered in the Carboniferous system in Ireland. This genus is absent 
in the overlying beds intermediate between the Carboniferous system and the 
muschelkalk ; but one species has been mentioned in that deposit. None are at 
present known in the oolitic beds ; and some casts referred to this genus from the 
chalk of Faxoe, seem to belong to Nautili; but the tertiary beds contain some species. 

At length the Goniatites close our review of the Mollusca, in presenting to us a 
greater number of species than any one of the genera we have yet mentioned. 
Nevertheless they begin to appear only with the latest of the Silurian beds, and 
in but one single locality, the slates of Wissenbach. Starting from this period, 
they become extremely multiplied in the Devonian limestones of Gattendorf and 
Schiibelhammer, and in some other localities of the Fichtelgebirge and Elbersreuth, 
concurrently with Clymeni@ and a multitude of Cardiacea, Inocerami, and Posidonie ; 
while the Orthoceratites, the Trilobites, and the Trachelipod Mollusca are only to 
be seen in the beds above them. Goniatites are plentiful enough in the deposits of 
the same age in Westphalia and in the duchy of Nassau, and in those of the south- 
west of England. 

The fifty-nine Goniatites of the Carboniferous system are found over a much 


* Orthoceras giganteum of Sowerby, and an undescribed species from the neighbourhood of Valognes, 
belong also to this division. 

+ Bronn. See Mr. Stokes’s Mem. Geol. Trans., 2nd Series, vol. i. Pl. XXV. and vol. v. Part 3, p.'707, 
Pl, LIX. fig. 1, 1840. 

{ Mr. Stokes’s Mem. Geol. Trans., 2nd Series, vol. v. Part 3, p. 709, Pl. XL. fig. 1. 

§ State Reports, New York, 1838, pp. 115, 119; 1839, p. 63; 1840, p. 370. 

|| Troost, loc. cit. supra 
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more considerable extent than the eighty-five Devonian. The mountain limestone 
of Yorkshire contains the greatest number. Some have been discovered in the upper 
group of the Carboniferous system in the Ural mountains*. The species most widely 
distributed are the G. Henslowi, Sow., obtained in the Isle of Man, from the culm- 
measures of Devonshire, in Staffordshire, and at Ecton in the state of New York t ; 
the G. Listeri, Mart., from Derbyshire and the province of Liége, stated also to 
oceur in India on the banks of the Gangest; the G. carbonarius of Goldfuss from 
Yorkshire and the banks of the Rhine; the G. sphericus, Mart., from Derbyshire, 
the Isle of Man, Yorkshire, the province of Liége, Herborn, and the state of New 
York ; and lastly, the G. striatus, Sow., is met with in nearly all these localities. 

The Goniatites have been but seldom noticed in the ancient beds of North Ame- 
rica; and those which have been mentioned are from the Carboniferous system. 
According to Conrad there are none in the Trenton group which form the lower 
part of the Silurian system, and they are extremely rare in the upper beds of the 
series. The genera Trocholites and Phragmolites of the state of New York seem to 
approach in structure the Goniatites §. 

From the sagacious observations of M. von Buch, naturalists are well acquainted 
with the characters in which the Goniatites or Ammonites of the ancient beds differ 
from the true Ammonites of the secondary beds ; but if the Goniatites themselves be 
attentively examined, characters will be observed in the exterior contour of their 
chambers indicative of the antiquity of the system in which they are found. ‘Thus 
the G. Neggerathii, de Buch, and G. subnautilinus, id., from the Silurian schists of 
Wissenbach, belong to the first section, which is characterized by rounded or very 
slightly inflected lobes. Of all the families of the Ammonites, these have the edges of 
the chambers the most simple. In the Devonian system the lobes are more decided, 
angular and linguiform, but the dorsal Jobe is constantly simple. In the Carboniferous 
system, on the contrary, nearly all the species (four or five only excepted) have the 
dorsal lobe divided. From these to the Serratites of the muschelkalk, and thence 
to the true Ammonites of the lias and the later formations, the passage is perfectly 
gradual in relation to the chambers ; but this progression does not appear to exist 
relatively to the dimensions of the shells, the Goniatites being almost always small. 

In general the Cephalopods appear to have been much more extensively distri- 
buted in the ancient European than in the American seas. As to the number of 
species in the three systems, it will appear to be much more considerable in the 
Devonian system than in the two others. 


* See the forthcoming work on Russia alluded to ante, p. 306. 

+ State Reports, New York, 1838, p. 110; 1839, p. 62. 

t De Buch. 

§ State Reports, New York, 1838, p. 118-119; 1839, p. 63; 1840, p. 371. 
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IX. Insecta.—It has long been doubted if animals of this class could have lived 
in the ancient periods ; and then, on the other hand, the extreme delicacy of their 
parts, at least in the greater number of the orders, is such, that a hope could 
scarcely be entertained that any traces of those which did exist should have been 
transmitted to us : all doubt on this subject has however ceased, two species belong- 
ing to the family of Curculionide having been found in the coal-fields of Coalbrook 
Dale, as well as a Neuropterous insect, which closely resembles the genus Corydalis 
now living in Carolina; also a Libellula, or an insect related to the Phasmide*. 
As to the Orthoptera and Arachnides, mentioned in the general treatises on the 
science, we have not yet sufficiently precise indications relative to them to reckon 
upon here. Count Sternberg has likewise announced the discovery of a fossil scor- 
pion in the coal-measures at Chomle, near Radnitz in Bohemiat. It is further easily 
conceivable, that, as insects could only leave traces of their existence in exceptional 
and very rare instances, it is very improbable that we should ever have a satis- 
factory knowledge of this part of the fauna of the ancient formations. 

X. Crustacea.—The Crustacea of these far-distant epochs belong almost exclusively 
to the family of Trilobites, in which a great number of genera have been established. 
What we have already said relative to the uncertainty of many of the approxima- 
tions and determinations of genera and species of bivalve shells, is much more 
strongly applicable to the Trilobites, of which, as it is rare to have at once under 
our observation any great number of complete specimens of each species, we are 
reduced to the necessity of taking some isolated and external characters to esta- 
blish not only a species, but even a genus ; and we are only acquainted with the 
organization of these animals by more or less distant analogies, so that these in- 
complete characters being the result of the imperfect state of the casts, the uncer- 
tainty which reigns throughout this branch of the science, notwithstanding the 
special works of which it has been the subject both in Europe and in America, 
may be conceived. ; 

The Trilobites begin to appear in the most ancient beds in which any organic 
remains of the animal kingdom have yet been observed. They seem also to have 
been peculiar to the Paleozoic epoch, not even continuing so high as the upper 
part of the Carboniferous system ; a circumstance which agrees with their rapid 
decrease in proportion as they rise from the most ancient Silurian beds towards 
the succeeding deposits, as pointed out by Mr. Murchison f. 

The Calymene, which are very abundant in the Silurian system of Europe, are 


* Dr. Buckland’s Bridgewater Treatise, vol. i. p. 409; vol. ii. p. 75. 

+ See Verhandl. Gesel. Vaterl. Mus. in Bohmen, 1835; also Dr. Buckland’s Bridgewater Treatise, 
vol. i. p. 406, and note, vol. ii. p. 74, Pl. 46’. 1836. 

{ Silur. Syst., p. 647, 1839. 
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not less so in that of America. Of eighteen species, principally from England and 
Sweden, some are also found in Esthonia, Livonia, and France. The C. Blumenbachii 
of Brongniart is, of all the Silurian fossils, that which has been observed in the 
greatest number of countries : first at Dudley and in the west of England; then 
in the slates of Wissenbach and in the grauwacke of Daun ; throughout Scandi- 
navia and the dependent islands; in Esthonia*, Ingria, and the west of France ; 
in the Cedar Mountains of South Africa+ ; in the states of Ohio, New York and 
Tennessee ; and wherever the deposits of this epoch are to be seen from the great 
lakes as far as Alabama}. Of ten Devonian species, the greater part are from 
the limestones of the Eifel, and from those of corresponding age in the environs 
of Elbersreuth and in the Fichtelgebirge. Two species are common to the pre- 
ceding period: one, the C. macrophthalma, Brong., to which several names have 
been given, and which, with the C. Sclerops, Dalm., now forms the genus Phacops§, 
has been noticed in nearly all the countries in which we have observed the C. Blu- 
menbachi, also at Prague, in the Eifel, and in the state of Virginia; the other, 
the C. Tristani (Brong.), from the west of France, is also found in the grauwacke 
of the Eifel and to the west of the Cape of Good Hope. The C. concinna of Dal- 
man is at present the only species which has been observed in the three systems. 

The Homalonoti, which are but few in number, are principally Silurian. JH. 
Knightu of Konig|| is the most common ; it is found in England, in the grauwacke 
of the Eifel, and upon the banks of the Rhine, also in the Devonian system of the 
west of England and at Néhou. The H. Herschelii, Murch., found in the south 
of Africa 4, occurs likewise on the banks of the Rhine. 

The Asaphi are even more plentiful than the Calymene ; forty-six species are 
Silurian, and particularly noticed in England, Scandinavia, Esthonia, Ingria, and 
North America. Asaphus caudatus, Brong., A. Hausmannii, id., A. cornigerus, id., 
are the most frequent in the Silurian deposits on both sides of the Atlantic. Six 
only are from the Devonian system, and eleven are Carboniferous. The A. granu- 
lferus of Phillips is found in the two later systems. 

Of eleven species of Paradowides, nine belong to the lower system in the west of 


* Eichwald, Syst. Silur. Esthonie, p. 70. + Silur. Syst., p. 654. 

{ It is a curious fact, said Mr. Conrad (Annual Report, 1839, p. 58, 1840), that whilst the C. Blu- 
menbachii ceased to exist in New York after the final deposition of the Trenton series, it escaped into 
remote seas and lived in the era of the Dudley limestone. The Cryptolithus tessellatus, on the contrary, 
seems to have existed and to have become extinct at the same periods in the seas which deposited the 
rocks of Llandeilo and Trenton Falls. 

§ Emmerich, De Trilobitis ; Berlin, 1839. See Von Buch’s Beitrige zur Bestimmung der Gebirgsfor- 
mationen in Russland; Berlin, 1840, p. 48. 

|| Icon. Foss. Sect., Centuria Prima, Tab. VII. f. 85; also Silur. Syst. p.651, Pl. VII. f. 1-4. 

{| Silur. Syst., p. 652, Pl. VII. dis, f. 2. 
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England, Scandinavia, and the state of New York; two are noticed in Bohemia 
and one at Elbersreuth, in the middle system. Jllenus occurs nearly under the same 
condition : of this genus, one species, the I. crassicauda, Dalm., is met with in Scan- 
dinavia, Ingria, Brittany, and the west of England ; two species are Devonian. At 
present only five species of Ogygia are known, of which three are from the environs 
of Angers, one from Llandeilo, and one from the banks of the Mohawk in the state 
of New York. The genus Brontes is principally Devonian; the B. flabellifer, 
Goldf., so diffused through the beds of the middle system of the west of England, 
the Cotentin, Belgium, the Eifel, the banks of the Rhine, and found even on the 
Asiatic exposure of the Ural, existed also when the upper Ludlow beds were de- 
posited. The Oleni are occasionally met with in the first two systems. The Crypto- 
nimi are from Ingria and Esthonia*. The genera Battus, Nileus, Lychas and Am- 
pyx belong principally to the Silurian beds of Scandinavia; as the genera Otarion, 
Ellipsocephalus and Conocephalus probably do to the less ancient beds of Bohemia ft. 
Lastly, the genera Isoletus, Eurypterus, Crypheus, Dipleurus, Ceraurus, Triarthrus, 
Nuttania, Brongniartia, and many others which contain only one or two species, 
have yet been noticed only in North America. The Isoletes gigas appears to be 
one of the most abundant Trilobites in that quarter of the globe }. 

In recapitulation, there are in the inferior strata 132 species of the family of 
Trilobites, without including thirty-six North American species, of which the 
greater part are probably found in beds belonging to the Silurian system ; there 
are also thirty-two in the Devonian and twenty-four in the upper system: seven 
only are common to the two first, while one alone pervades the three palzozoic 
series. 

Among the other genera of the class Crustacea, we may mention a Limulus from 
the coal-measures of Coalbrook Dale§ ; Cytherine, from the Silurian strata in the 
island of Gottland || and the neighbourhood of Christiania, also from the Devonian 
system ; and other minute genera, such as Cypris or Cytherina, Cypridina, Cyprella 
and Cypridella, belonging to the Carboniferous system of Belgium, Scotland, and 
some other countries 4. 

Pisces.—If the Crustacea, highly elevated as they are in the scale of beings, 
appear to have been among the first animals on the surface of the globe, such 
was not the case with the class which succeeds them in organization. The 

* Ejichwald, sur le Syst. Silur. de l’Esthonie, p. 77. 

+ Verhandlungen Gesells. Vaterl. Mus. in Bohmen, Ap. 1833, s. 49 et seq. 

{ Second Report of the State of Ohio, 1838, p. 247, pl. 8. and 9. 

§ Dr. Buckland’s Bridgewater Treatise, vol. ii. p.'77, Pl. 46”. fig. 3. 

|| Hisinger, Lethza Suecica, tab. 1. fig. 1,2; for Scotland, see Dr. Hibbert’s Memoir on the Fossils 


of Burdie House, Trans. Roy. Soc. Edinb., vol. xiii. p. 169 et seq., 1836. 
{ See de Koninck, sur les Crustacés Fossiles de Belgique. Mém. Acad. Roy. de Bruxelles, t. xiv. 


on the Fossils of the older Deposits in the Rhenish Provinces. 333 


most ancient traces of fishes known to us are not found below the lowermost 
Ludlow beds, in which remains of the Pierygotus problematicus have been found ; 
in the upper beds the species are more common and their characters better defined. 
The genera Onchus, Sclerodus, Plectrodus, Thelodus and Sphagodus mark this zone ; 
but it was in the Devonian period that the animals of this class really took posses- 
sion of the seas. In Scotland, in the west of England, in Courland, Livonia and 
Lithuania, the Devonian beds contain numerous remains of those remarkable lori- 
cated fishes, such as the Holoptychius and the Coccosteus, or of such as are furnished 
with aliform appendages or extraordinary fins, as the Pterichthys and other allied 
Ichthyolites. The genera Cephalaspis, Osteolepis, Cheirolepis, &c., are not rare in 
the old red sandstone of England and Scotland. The most extensively distri- 
buted fish of this period was the Holoptychius nobilissimus, which is found not only 
in all those countries we have mentioned, but also in the centre of Russia in Eu- 
rope and even in Pennsylvania, associated with a Megalichthys in beds of the same 
age. A species of Coccosteus is also noticed in North America. 

Fishes have also lived in great numbers during the coal period: thus the coal- 
measures of Sarrebruck have produced the genera Acanthessus and Amblypterus ; 
those of Shrewsbury, Coalbrook Dale and Titterston Hill have furnished the 
Ctenodus, Megalichthys, Gyracanthus, Ctenacanthus, &c. The Holoptychii seem to 
pass up from the middle system into this; and Palgoniscus, of which the species 
are abundant enough in the coal-measures of the United States, lived also in the 
epoch of the zechstein (magnesian limestone or Permian system), a circumstance 
which further tends to unite zoologically this last-mentioned deposit with the true 
Paleozoic rocks. Not a single species of fish has hitherto been noticed in any 
two systems. 

Notwithstanding the importance of the class, we can give only this general 
view of it; the slight special acquaintance we have with the animals which com- 
pose it not permitting us to give a more complete idea of the actual state of 
science in relation to them. 

Recapitulation.—The Fauna of the Palzozoic rocks with which we are now ac- 
quainted, thus presents 326 genera, containing 2698 species, of which 807 are 
Silurian, 984 Devonian, and 1072 Carboniferous: 113, or rather more than sth, 
are common to the first and second systems ; 79, or z'gth, are common to the se- 
cond and third systems ; and 15 only, or y73rd, range through the entire series of 
ancient formations. This latter proportion, being ;ynd, if we regard the species 
pointed out in the Silurian and Carboniferous systems, will also be found in the 
Devonian. There are 177 species more in the middle system than in the lower, . 
and 88 more in the upper than in the middle system. 

The details we have just given of the animalization of the ancient seas during a 
VOL. VI.—-SECOND SERIES. Pa 
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space of time probably much more considerable than that during which the se- 
condary deposits were accumulated, show that there was not any sudden and 
complete change in the organization of the animals which peopled those seas ; 
and that the three Palxozoic systems are combined together zoologically by a 
small number of species common to all. Nevertheless, the modifications were such, 
that not only the greater part of the species, but also of the genera, successively 
ceased to live, in order that they might be, successively also, replaced by others 
which have disappeared in their turn ; while some are persistent through all the 
periods and still live in our present seas, as if to allow us to compare more exactly 
the most extreme productions of creation. 

If then some few species were capable of resisting all the changes which modified 
external circumstances during the three ancient periods, it may be supposed that 
the same was the case during the formation of the less mighty secondary beds ; and 
it will be difficult to admit that the uprisings, which, during the deposition of these 
latter, changed the face of nature in certain countries, could have occasioned at the 
same time the complete destruction of animals which then lived in the seas most 
distant from the theatre of those great phenomena. 

The examination and the nature of the review which we have taken of the Pale- 
ozoic Fauna appear to us to modify a little the scientific opinion long entertained, 
that the organic beings of the ancient seas had a simplicity of structure and a 
uniformity in their distribution, which entirely distinguished them from those cha- 
racters which the more modern deposits present. This assertion derived its greatest 
strength from the fact, that the more easily studied secondary and tertiary beds 
have presented much higher numerical results than the others, and have done it 
much sooner. If the numerous circumstances which will for a long time, and per- 
haps for ever, prevent the creation of the ancient periods from being as well known 
as that of the most recent, be taken into account, it will be seen that species were 
already very varied and very numerous in the Silurian, Devonian, and Carboni- 
ferous seas, and that the general uniformity of their distribution is less than has 
been stated. We have noticed many genera which lived at only certain epochs and 
in very limited areas, thus constituting local faunas, comparable to what is observed 
in the more recent deposits ; but this would not prevent other genera or other spe- 
cies which lived in the same localities from existing at the same time at the most 
distant parts of the earth, and in the most various latitudes. 

If certain divisions, such as the Gasteropoda, the Monomyaria, the Dimyaria, 
and the Annelides, had comparatively few representatives in the ancient seas, 

others, such as the Polyparia and the Cephalopoda, are not less plentiful than in 
any of the following periods ; and some, such as the Brachiopoda and the Crinoidea, 
are infinitely more varied. Lastly, if the development of Paleozoic organism be 
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considered relatively to the thickness of the beds or duration of the epoch, we shall 
see, Ist, that the total number of species always increases from below upwards ; 
2nd, that the progression is very different in each order and in each family, and that 
this progression is even frequently inverse, either in the different orders of the same 
class or in the various genera of the same order. If, on the other hand, this deve- 
lopment of the Palzeozoic creation be considered relatively to its horizontal extent, 
or geographically in relation to space, it will be seen, Ist, that the species which are 
found in a great number of localities and in very distant countries, are almost always 
those which have lived during the formation of several successive systems ; 2nd, that the 
species which belong to a single system are rarely observed at great distances, and that 
they then constitute local faune, peculiar to certain countries ; whence it results, that 
the species really characteristic of a system of beds are so much the less numerous as 
the system is studied upon a vaster scale *. 


* Our memoir was finished and partly in type when we read with true interest that our conclusions 
accord with those given by Mr. Phillips in his last work on the Paleozoic Fossils of Devon and Corn- 
wall, pp. 154, 162 and 163. 
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PART II. 


DESCRIPTION OF THE FOSSILS*. 


TRILOBITES. 


1. Calymene macrophthalma, Brong., Hist. Nat. Crust. Foss. Pl. I. f. 5. Pander, Beitrige z. Geog. des 
Russ. Reiches, Pl. IV. B.f.8. Murch., Sil. Syst., Pl. XIV. f. 2. 


We have found this species in the roofing-slates of Wissenbach. It is known to be one of the most 
abundant in the Eifel, but, on the contrary, it is very rare in the properly so-called Silurian system. 
Mr. Murchison remarks, that in England it is much less abundant than the Calymene Blumenbachii and 
the Asaphus caudatus. Pander found only a single specimen in Russia. It also occurs at Prague and 
in North America, but it has not yet been mentioned as Swedish f. 


2. Calymene concinna? Dalman, Ueber die Paalden oder die sogenannten Trilobiten, Pl. I. f. 5. 


The slates of Herborn are often filled with impressions of the post-abdomen of a Z’rilobite which ap- 
pears to be related to Calymene concinna; but the difference in the age of the beds in which our fossil 
occurs and the incompleteness of the specimens do not permit us to insist upon their identity with Dal- 


man’s species. 


3. Calymene granulata. Munst. Beitr. Petref., iii. Heft, Pl. V. f. 3, id. Phil. Pal. Fos., Pl. LVI. f. 248. 
Sedg. and Murch., Geol. Trans., vol. v. Pl. LIV. f. 24. 


We found in the limestone of Oberscheld the post-abdomen of a Calymene, which appeared to us very 
like that which Prof. Sedgwick and Mr. Murchison have figured in their Memoir on Devonshire. 


4. Asaphus subtyrannus, nob. 


Tail short and broad; articulations of the lateral lobes much inclined toward the end of the tail, and 
joined to the middle lobe at a very decided angle. These articulations are united by a membrane 
which goes all round the post-abdomen, and they are about half as wide again as those of the 
middle lobe. Both are granulated, but the grooves which separate them are quite smooth. 

Width of the middle lobe, 18 millim.; of the lateral lobes, 24 millim.{. 

This Trilobite should be placed near to A. tyrannus var. ornata (Murch., Sil. Syst., Pl. XXIV.), from 
which it is distinguished by its less slender form and by the disposition of its granulations, which in A. 
tyrannus are seen both on the ridges and on the grooves which separate them. But since, according 
to Mr. Murchison, individuals of A. tyrannus are found which do not present any traces of granulations, 
it is possible that the examination of a greater number of specimens from Wissenbach might compel us 
to unite our species to that of Mr. Murchison, which has only yet been found in the lower beds of the 


* We refer to the general Table at the end of this memoir for all the species already described, upon 
which we have no observations to offer. 

+ We preserve for Calymene macrophthalma the name at first assigned to it by M. Brongniart, and 
which is the most generally known ; but this fossil has received several other denominations which ap- 
pear to authorise the establishment of the genus Phacops, in which M. Questedt has united C. maero- 
phthalma and C. sclerops. 

{ A millimetre is equal to 0°03937 of an English inch, and a centimetre equals 0°393708 of an En- 
glish inch. The English inch equals 2°539954 centimetres: thus to bring any number of millimetres into 
English inches and fractions of inches, it is only necessary to multiply that number by the decimal 0:03937. 
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Silurian system. Eichwald unites to A. tyrannus a fragment of a Trilobite discovered upon the coasts 
of the Gulf of Finland. (Syst. Silur. Esthonie, p. 87.) 
Found in the slates of Wissenbach ; very rare. 


5. Brontes flabellifer, Goldf. Nova Acta Acad. Ces. Leop. Nat. Cur. Bonn, vol. xix. pars 1. Pl. XXX. f. 3. 


The post-abdomen of this species was formerly known under the name of Olenus flabellifer. The 
head and body, being extremely rare, had never been figured before the specimen which Goldfuss col- 
lected in the Eifel, was given in the Bonn Transactions. 

We have observed this Zvilobite at several places in the Strigocephalus limestone, which extend 
from Elbersfeld to Hagen, and particularly near Mettmann and Lethmate. The genus Prontes is one of 
the most constant in the Devonian system; for besides being found on both banks of the Rhine, Count 
Munster has collected four species in the Orthoceratites limestone of Elbersreuth. One of these, the B. 
radiatus, appears very near, if not identical with, B. flabellifer (Muns. Beitrage zur Petrefact., 3 Heft, 
Taf. V. f.13). This Brontes is also fcund in the limestones of Devonshire which are of the same age, 
and M. de Gerville obtained a fine specimen from the limestone of Valognes, the geological position of 
which is not yet well determined. Lastly, M. de Koninck mentions it in the limestones and lower slates 
of Chimay and Couvin, beds which also belong to the Devonian system+. We do not yet know if it has 
occurred in the beds of the same epoch in the Bas-Boulonnois. 


Harpes macrocephalus, Goldf., loc. cit. supra, Plate XXXIII. fig. 2. 


The genus Harpes was established by Goldfuss for Zrilobites found in the limestones of the Eifel. 
We have found the H. macrocephalus in the Goniatites limestone of Oberscheld (Nassau). The H. spe- 
eiosus of Count Miinster, which comes from the neighbourhood of Elbersreuth, appears to us difficult to 
distinguish from the species of Goldfuss. Phillips has also found this species in the Devonshire lime- 
stones. (Pal. Foss. Pl. LV. fig. 24.) 


Homalonotus Knightii, Konig. Icon. Foss. Sect. Centuria Prima, Pl. VII. f. 85. Murch., Sil. Syst., 
Pi Vil. f. 1, 2. 


This species of the upper Ludlow rock is found also in the slates of Wissenbach and Altenahr. 
Homalonotus Herschelii, Murch., Sil. Syst., Pl. VII. bis, f. 2. 
We have found this 77vilobite in the greywacke of Daun. 


GONIATITES. I. Lobes simple, rounded and slightly inflected. 
1. Goniatites subnautilinus, Schlot. De Buch, Amn. des Sciences Nat., tom. xxix. Pl. I. f. 9-11. 


* The spheroidal form of this almost completely enveloped species distinguishes it from the following, 
to which de Buch would nevertheless be disposed to unite it, in consequence of the analogy of the 
lobes. 

Wissenbach ; rare. 


2. Gomiatites Neggerathii, de Buch, loc. cit., Pl. 1. f.6,7,8.  Discites, Id. Ammonites Neggerathii. 
Goldf., see Beyrich, Beitrage zur Petref., 1839, p. 24. Tab. nost. XXV. f. 1, 1 a, 1 6. 


Shell subdiscoidal, subumbilicated ; volutions rounded on the sides and on the back. Inner edge 
straight, and a little excavated above the suture. Six or seven apparent volutions, the last envelop- 
ing two-thirds of the preceding. Shell unknown. Siphon indistinct. Dorsal lobe lanceolate, 


+ Goldius Flabellifer de Koninck, Crust. Foss. Belgique, Mém. Acad. Roy. de Bruxelles, tome xiv. 
—WNote, April 1842. 
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sharp, as deep as it is wide, or double its width if the latter be measured at half its height. Dorsal 
saddle rounded ; lateral lobe very large, slightly curved backward, without reaching the depth of the 
dorsal lobe, then rising again abruptly toward the inner edge, there forming a lateral saddle more 
elevated than the slightly evident dorsal saddle, and which joins the suture. 

This shell differs sufficiently from that represented by de Buch; but the disposition of its lobes, as well 
as the identity of its geological position, have decided us to preserve to it the name it has long borne. Its 
ridges are regularly rounded, and bring it near to G. swbnautilinus, to which Beyrich has united it. In 
the figure given by de Buch, the ridges, obliquely flattened toward the back, render the aperture some- 
what lanceolate, like that of G. evexws, a species which Beyrich also unites with the preceding. 

Very common in the slates of Wissenbach. 


3. Goniatites lateseptatus, Beyrich, Beitrage zur Petref., Pl. I. f. 1-4. 


This species is very abundant in the roofing-slates of Wissenbach and in the overlying ferruginous 
limestone of Oberscheld. 


4. Goniatites Dannenbergii, Beyr., loc. cit., Pl. I. f. 5. 


This species, found in the slates of Wissenbach, appears to be very rare there. 


5. Goniatites compressus, Beyr., loc. cit.. Pl. 1. f.6. Spirula compressa, Goldf., v. Dechen, Handbuch 
der Geognosie, von H. T. De la Beche, p. 536. Gyroceratites gracilis, H. v. Meyer. Nova Act. 
Acad. Nat. Cur. Bonn, tome xv. Part II. p. 59. Id. Bronn. Leth. geog., Pl. I. f. 6. 


Dorsal lobe small and narrow, lateral lobe scarcely indicated by a slight inflection of the septum. Vo- 
lutions exposed and often separated, which Beyrich attributes to the disappearance of the shell. 
From three to four volutions, each presenting fifteen septa. 

Slates of Wissenbach ; very common. 


6. Goniatites retrorsus, de Buch, Ann. Se. Nat., tome xxix. Pl. II. f. 13. Beyr., loc. cit., Pl. I. f. 10. 
Tab. nost., Pl. XXV. f. 2, 2 a, 2 b, and 3, and for varieties a and 6, f. 4 and 5. 


Shell nautiloid, inflated, umbilicated; volutions enveloping, and only showing in the umbilicus the 
height of the inner edge and the suture. From the edge of the umbilicus to the back the surface 
of the volutions is inclined, forming a regular curve, which is more distinct in the younger volu- 
tions. Back limited by two lateral channels which are also deeper in young individuals. Fine and 
regular strie set off from the suture, rise almost perpendicularly to the edge of the umbilicus, then 
turn backwards and form an arch which occupies two-thirds of the side and passes into the channel, 
there describing an inverse curve whose concavity is turned backward: these striz then rise abrea 
to the back, which they cover, tracing a deep sinus whose concavity is directed forward. 

According to Beyrich, the dorsal lobe is small, cyathiform, and as deep as it is wide. Lateral lobe 
rounded, and twice as deep as the dorsal lobe; its width is equal to its depth. Lateral saddle wide, 
rounded, reaching the height of the dorsal saddle, and turning a little toward the suture after having 
passed across half the side. 

Var. a, fig. 4. This shell is distinguished from the preceding by its less inflated form, and by its dorsal 
channels being less distinct. It forms the passage to the following. 

Var. b, fig. 5. This variety is figured and described by Beyrich. It is still more depressed than var. 
a; but its striz are similar to those of the shell which we regard as the type of the species, and to those 
of the first variety. 

We have thought it necessary to describe and figure the G. retrorsus again, because the figure given 
by de Buch does not agree with his description, and differs also from Beyrich’s figure. These two au- 
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thors describe the G. retrorsus as altogether enveloped, while the drawing of the former exhibits a de- 
cided umbilicus, and Beyrich’s figure does not show well the form of that part of the shell. The three 
varieties which we have distinguished are all more or less umbilicated. 

Oberscheld, Martenberg near Stadtberg, Adorf; common. 


7. Goniatites simplex, de Buch, Ann. des Se. Nat., t. 29, Pl. II. f. 8. 


In the ferruginous limestones of Oberscheld is found a shell which nearly resembles that figured by 
de Buch under this name, and which comes from Rammelsberg near Goslar (Hartz). 


8. Goniatites paucistriatus, nob. Tab. nost. XXV. f. 8, 8 a, 8 b. 


Shell flattish, umbilicated. Volutions regularly rounded, almost completely enveloping and only show- 
ing in the umbilicus the inner edge of each volution. Back wide, limited by two decurrent, linear, 
shallow channels. Volutions ornamented with from fifteen to eighteen simple, elevated, very fine 
strie, which, setting off from the suture, go sometimes straight over two-thirds of the side and some- 
times turn a little forward, then backward and then forward again into the channel, where they form 
a narrow and deep sinus. They are then recurved again to pass over the back where they form a 
second sinus wider, more rounded and not so deep as the preceding. Lobes of the septa unknown. 

We have placed this species near to G. retrorsus, because it bears some resemblance to it in general 

form, but it is easily distinguished by the disposition of the striae and by their small number. At first 
sight these striz might be mistaken for the lobes of the septa, but it is easy to ascertain that they only 
exist upon specimens in which the shell itself remains. We had already observed upon several species 
from the mountain limestone of Visé (Belgium) zigzag striz which we might have confounded with the 
septa, if we had not observed that they do not present any dorsal lobe, and that beneath the shell are 
found the true lobes of the septa, which are much more simple than the external striz, and have no re- 
semblance to the pattern formed by these latter. 

Adorf, Oberscheld ; common. 


II. Lobes angular or tongue-shaped. 
A. Volutions completely enveloped. 
9. Goniatites cancellatus, nob. Tab. nost., XXV. f. 6, 6 a, 6 6. 


Shell globular, with rounded, inflated volutions, the last completely enveloping all the others; umbilicus 
none, its corresponding place being occupied by a slight depression of the inner edge. Back sim- 
ple, rounded, coalescing with the sides by a continuous curve. From the central depression radiate 
numerous striz, which are very fine, at unequal distances, and often bifurcated. They are first di- 
rected forward near to the middle of the side, and then turn backward to form a broad and shallow 
sinus whose concavity is turned forward. At about two thirds of the side, where the inflection of 
these striz commences, other striz, more delicate, but still regular and transverse, cross them ob- 
liquely forming a slight undulation, thus producing an elegant chequer-work over the entire dorsal 
region of the shell. 

The form of this species, of which we have not observed the septa, approaches to that of G. linearis 

of Munster, which has only a single angular funnel-shaped lateral lobe. 

From the iron mines of Brilon; very rare. 


B. Volutions exposed ; three lateral lobes. 
10. Goniatites Hoeninghausii, de Buch, loc. cit. supra, Pl. I. f. 3. Bronn. Leth. geog., Pl. I. f. 1. Tab. 
nost. XXV. f.7, 7a, 70. 
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Shell discoid, subumbilicated, volutions depressed, their inner edge inclined toward the suture at an 
angle of 45°; the lateral portion then describes a slight but regular curve, continuing to the back 
which is sharp-edged. Four visible volutions are enveloped to about three-fourths of their width. 
Numerous, unequal striz set off from the suture and taking a direction obliquely forward, begin to 
turn back toward the middle of the sides. [The bad condition of the specimen prevents us from 
determining what their form is up to the back.] Dorsal lobe rather larger than deep ; dorsal saddle 
rounded. First lateral lobe very narrow, lanceolate, sharp, twice as deep as the dorsal lobe. First 
lateral saddle rounded, rising to double the height of the dorsal saddle, and occupying rather less 
than a third of.the side of the shell. Second lateral lobe as deep and almost as narrow as the first, 
Second lateral saddle rounded, rising to the height of the dorsal saddle and terminating at a third, 
shallow lateral lobe which limits the inner edge and ends at the suture. 

This species, remarkable for its size, as well as for its form and the number of its septa, of which we 
have counted forty in a single volution, was first described by De Buch and afterwards by Bronn; but 
the descriptions, and the figures especially, of these authors, were so incomplete, that we have endea- 
voured as much as in our power to complete the knowledge of this fine fossil. 

Refrath; very rare. Eifel; some fragments. 


11. Goniatites Buchii, nob. Tab. nost., XXVI.f.1,1a,16. Var. a, f. 2, 2 a. 


Shell discoid, umbilicated, volutions flattened upon their sides. Back rounded; dorsal lobe narrow, 
lanceolate and shallow. Dorsal saddle rounded. First lateral lobe lanceolate, sharp and double the 
size of the dorsal lobe. Lateral saddle rounded, rising much higher than the dorsal saddle and oe- 
cupying half the side of the shell. Second lateral lobe lanceolate, descending nearly as low as the 
first. Although in our specimen this part does not show distinctly the termination of the septum, it 
is probable that there is a third lateral saddle upon the inner edge and perhaps a third lobe, after 
which the septum continues backward to unite with the suture. In the figure the third saddle only 
is shown. 

Var. a, f. 2,2 a. This variety is known by very distinct arched folds upon the middle of the back which 
become less distinct toward the edges. A portion of the shell being preserved shows that it was orna- 
mented with fine and very close-set striz, setting off from the suture, turning backward and then rising 
again abruptly forward toward the edge of the back. They then curve backward again and form a deep 
sinus which occupies its entire breadth. The arched folds are independent of these strie and appear 
only to exist under the striated shell and perhaps only on that anterior part of the shell which is desti- 
tute of chambers. The variety appears also to remain smaller than the type of the species. 

At first sight the G. Buchii might be regarded as intermediate between the G. intermedius and G. 
carinatus of Beyrich, but in the first place, it differs from the former in its more depressed general form 
and in its more flattened sides ; from G. carinatus in its simple and rounded back, and from both in its 
simple and narrow dorsal lobe, a character which, added to its form, to the disposition of its lobes and 
saddles, as well as to the number of its chambers, brings it near to G. Heninghausii. 

Oberscheld; very common. 

C. Four lateral lobes. 


12. Goniatites costatus, nob. Tab. nost.. XXXI. f 1, la. 


Shell flattened. Volutions numerous, rounded, half exposed, ornamented with simple, elevated ridges, 
twenty-four upon each volution ; these ridges set off from the inner edge, occupy two-thirds of the 
side, then turn forward and become weaker toward the dorsal channel where they are no longer 
seen. Back wide, rounded, edged by two shallow channels, which become attenuated and disappear 
from the last volution of large individuals. Dorsal lobe apparently deeply divided. The artist has 
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given to the drawing of this part of the chamber more precision than the state of the specimen 
justifies. There are four tongue-shaped lobes, which diminish in depth as they approach the suture. 
Saddles rounded. Septa twelve to each volution, leaving between each the space occupied by a rib. 
This Goniatites is one of those which by the general form remind us most of the true Ammonites, 
particularly of those of the family of the Arvetes. 
Collected by M. Dannenberg at Eibach near Oberscheld; rare. 


13. Goniatites costulatus, nob. Tab. nost., XXVI. f. 3, 3 a, 3 6. 

Shell flattened. Volutions four or five, half-exposed, depressed toward their middle part. Inner edge 
nearly straight and slightly excavated beneath. Back wide, flattened, bordered by two narrow and 
shallow channels. Twenty-eight to thirty simple ribs set off from the suture, take a backward di- 
rection across half the side, where they are more prominent, then rise again toward the dorsal chan- 
nel, becoming attenuated so as to disappear completely upon the outer edge of each channel. Be- 
sides these ribs, in those parts where the shell has been well preserved, there are fine undulated striz, 
which after going forward to the dorsal channels, turn backward to form a sinus which occupies the 
whole width of the back as in the G. paucistriatus. 

This species appears to be related to the G. costatus, although we are not acquainted with its lobes ; 
but it is distinguished by the form of the ribs, which are flexuous, instead of being nearly straight as in the 
Ammonites of the family of Falciferi, and commence at the suture instead of setting off only from its inner 
edge: they are also more numerous than in G.costatus. Moreover, the back is almost flat, and the chan- 
nels slightly marked, while in the preceding species the back is round, the channels are wide, and the 
general form of the volutions also more rounded. 

From the iron mines of Brilon; rare. 


14. Goniatites latestriatus, nob. Tab. nost., XXVI- f. 5, 5 a. 


Shell flattened, composed of from seven to eight half-exposed volutions, increasing slowly, and regularly 
rounded from the suture to the back, so that the greatest altitude is at an equal distance from both 
or at the middle of the side. Back round, bordered on each side by a shallow channel. Fine, simple 

_ striz, distant from each other about a millimetre upon the last volution, set off from the suture, 
rise straight across half the side, then turn forward to the dorsal channel, whence they turn abruptly 
backward to form a deep and rounded sinus which occupies the whole width of the back. Between 
each of these principal striz may be seen two or three others, extremely delicate, and which have 
not been expressed in the figure. 

This species, of which we know neither the septa nor the siphon, resembles certain Clymenie de- 

scribed by Count Munster, and may indeed be related to G. solaroides of de Buch, which appears to be 


a Clymenia. 
From the iron mines of Eibach near Dillenburg; rare. 


III. Dorsal lobe divided. 
A. A single lateral lobe, generally rounded, rarely sharp, and without a dorsal saddle. 

While with Beyrich we place the species composing this group with those which have a truly divided 
dorsal lobe, we must remark, that it would perhaps be more rational to call the deep and cyathiform lobe 
which is on the side of the shell.on each side of the back, the lateral lobe; the broad saddle, which 
spreading round over the sides occupies more than half of them, the lateral saddle ; and to leave these 
species among the Groniatites with a simple dorsal lobe. In the latter the dorsal lobe is small and placed 
nearly at an intermediate height between the lower part of the lateral lobe and the summit of the lateral 
saddle, a disposition which may be observed in G'. Haninghausii. This mode of arrangement would 
_ also secure the advantage of leaving all the Goniatites with a divided lobe in the Carboniferous System. 


VOL. VI.—SECOND SERIES. 2y 
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15. Goniatites caleuliformis, Bey., loc. cit., Pl. Il. f. 5. 


This species, of which the volutions are almost entirely exposed, resembles Clymenie@ in form. Bey- 
rich has ascertained, by the disposition of the lobes and more particularly by the presence of a dorsal lobe, 
that it is really a Goniatite; but we must add, that his figure does not express the fine and elegant striz 
which are seen on the surface of that shell. 

Common at Oberscheld. 

B. A divided dorsal lobe; an angular lateral lobe; and a widely rounded lateral saddle. 

All the Goniatites of this division belong to the Carboniferous system, in which there are scarcely 
five or six species with a simple dorsal lobe. They truly deserve the name of “ Goniatites with a 
divided dorsal lobe,” for the two arms of this lobe which form the beginning of the dorsal saddle and 
which enclose in their middle another little lobe which may be regarded as a real division of the pre- 
ceding, are upon the back of the shell and may be called “ dorsal lobe and saddle,” while in the preceding 
division the lobe and the saddle called “ dorsal” by Beyrich are always upon the side of the shell, and 
occupy more than half of it. 

The common Goniatites, so numerous in the Carboniferous system, are very rare on the right bank 
of the Rhine, undoubtedly in consequence of the slight developement of the mountain limestone there. 
We scarcely know of any, excepting those species which are in a siliceous state, and which are found in 
the alluvium of the Rhur and the Rhine. These are 


16. Goniatites sphericus, Mart. ; Petrif. Derbiensis, Pl. VII. f. 3, 4. 
17. Goniatites carbonarius, Goldf.; de Buch, Ann. Nat. Sce., t. 29, Pl. II. f. 9. 


This species is found also in the lowest beds of the coal-mines of Werden and Hoffnung in Westphalia ; 
and appears to be very distinct from the preceding. 


18. Goniatites striatus, Sow.; Min. Con. Pl. LIII. f. 1. 


We refer to this species some impressions that are found in the slate of Bredlar in Westphalia and at 
Herborn. These impressions, always crushed and deformed, are nearly related in the disposition of the 
strie and the form of the umbilicus to the species referred to in Mineral Conchology. The longitu- 
dinal striz are crossed by finer and more close-set transverse striz, forming undulations. The imper- 
fection of the impressions, however, prevents us from fully identifying our fossil with that of the Mineral 
Conchology. 


IV. Goniatites whose place is yet uncertain, the disposition of their lobes not being known. 
19. Goniatites tuberculosus, nob. ‘Tab. nost., XXVI. f. 4, 4a, 45. 


Shell flattened. Volutions six, one-third exposed, and regularly rounded from the suture to the back. 
These volutions are furnished with a row of rather elongated tubercles, separated by equal intervals, 
and placed where the side begins to turn toward the suture to form the inner edge. The surface of 
the shell is also covered with fine unequal transverse striz, very close-set, which, when they come 
near the back appear to turn backward to form a dorsal sinus whose concavity is directed forward. 

Oberscheld ; very rare. 


20. Goniatites incertus, nob. Tab. nost., XXVI. f. 6, 6a. 


Shell discoid, subumbilicated ; volutions six or seven, one-third exposed. Inner edge almost straight, 
and then the surface of the volutions becomes flattened on approaching the back. Aperture ogi- 
val. Volutions furnished with twenty elongated, radiating, pliciform, rounded, not prominent 
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tubercles, setting off from the inner edge and becoming smaller as they approach two-thirds of the 
side where they disappear entirely. The whole surface of the shell is moreover covered with fine 
radiating strie which become weaker as they approach the aperture. 
This species is distinguished from the preceding, to which it is nearly related by the form of its back, 
which has a tendency to become sharp instead of being rounded, and by its much more elongated tubercles. 
From the iron mines of Brilon; very rare. 


21. Goniatites tenuistriatus, nob. Tab. nost., XXVI. f. 7, 7 a, 76, and 8, 8a. 


Shell discoid, subumbilicated, very depressed, composed of seven to eight volutions, of which the last, 
which is very large, constitutes alone almost the whole of the shell: it appears proportionally more 
enveloping than the first. Umbilicus very open, cuppel-shaped. Suture simple as far as to the 
last volution, where it is bordered by a slender lamellar fold surmounted by a wider and more 
rounded one. Back narrow and smooth at the anterior part where it is without septa. Toward the 
posterior fourth of the last volution the fat part of the back sinks downward slightly so as presently 
to form a true channel or groove with a flat bottom of a millimetre in width, neatly bounded by 
two little bands; this groove then continues to the apex of the spire. The surface of the volu- 
tions, except the last, is divided into two parts; that which comprises the inner edge to the suture 
has simple striz, which, setting off from the latter, rise straight up to a line which bounds this first 
third. Against this lateral line commence finer and more close-set strie which take a direction 
obliquely upwards, and soon become subdivided into three or four much more delicate and regularly 
undulated striz, having the appearance of a watered stuff. These strie then pass across the back 
horizontally. The lateral line which separates the two systems of strize appears to be lost upon 
the last volution, as well as the second system of striz, which becomes weaker and disappears at 
the same time as the dorsal groove. The second half of the last volution then only offers simple 
strie which extend from the suture to the back. 

The specimens which we have represented were not circular, but elongated like an Ellipsolite, still 
without presenting any appearance of malformation. A younger individual, which has been figured, and 
is magnified (fig. 8, 8 a) to show the first volutions, is perfectly regular in its form. 

From the ferruginous limestone of Oberscheld ; rare. 


22. Goniatites 


In the iron mines of Wetzlar is found a species of Goniatite which appears to be related to G. retrorsus, 
but the specimens we possess are too much deformed to enable us to decide. They are all elliptical and 
more or less depressed ; the wide and rounded back is bordered by two distinct channels ; and upon the 
sides may be observed traces of stria, which, without being altogether parallel to the edges or longitu- 
dinal, as in G. striatus, Sow., are nevertheless very long, and form with the lateral channel an extremely 
sharp curvilinear angle. i 

Wetzlar on the Lahn ; common. 


Aptychus vetustus, nob. Tab. nost., XXVI. f. 9. 


We refer to this genus a blackish impression left upon a fragment of the Eifel limestone and which is 
composed of two thin symmetrical subtriangular plates only presenting indistinct, undulated lines of 
growth with unequal spaces. 

Eifel ; very rare. 

Although we have placed this fossil here, we do it without any pretension to determine its zoological 
classification. 


2 2 
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1. Orthoceratites regularis, Schlot. Die Petrefact., p. 54. O. recta, Bose. Conchyl.; O. reg., bei Dechen 
Handb. der Geogn. von De la Beche, p. 535; Kléden, Die Verstein. Mark Brandenburg, pp. 131, 311 ; 
Holl. Petref., p.235. O. Qlandicus, Knorr, Recueil des Monum. Tome II. Pl. II, 1.* f. 8 ; Tome IV. 
Suppl., Pl. IV. e, f. 1-5, and Pl. V. d.f.2; Breyn, Opuscula Pl. II. f. 1, 2, 5, 6; Bronn, Leth. geog., 
Pl. I. f.10; His. Leth. Suec., Pl. IX. f. 3; Miinster, Beitr. z. Petrefact., Heft iii. Pl. XVIL f. 3, 4 
Variety Tab. nost. XXVII. f. 2. 


Shell smooth, of a very elongated cone shape, septa very distant, horizontal, subhemispherical ; siphon 
small, quite central and discontinuous according to Count Munster, each little tube only extending 
a fourth of the depth of the chamber. 

Bronn says, that specimens are found which are slightly and irregularly striated transversely, and 
others which are smooth at the anterior part and encircled at the summit by little transverse ridges. We 
have observed that some individuals which present this latter character, belong to another species whose 
siphon is marginal. 

The O. regularis, as may be seen by the numerous synonyms, has often been described and figured ; 
nevertheless upon comparing the figures and the descriptions of various authors it will appear that there 
is still much uncertainty with regard to it, at least as to certain characters. According to Count Munster 
the diameter of the septa is equal to haif the height of the chambers ; and upon consulting his figure we 
find that at the anterior part the diameter is equal to the height of two chambers, while toward the 
summit it is only equal to two-thirds of one chamber. In the Lethea geognostica the diameter of the 
septa is to the height of the chambers sometimes as 1 to 4, sometimes as 1 to 3, or only 2; and this last 
relation is not presented at the apical part, but, on the contrary, toward the middle. It is just the same 
with Hisinger’s, where this relation is nearly as 1 to 4. 

Our specimens from the slates of Wissenbach differ from these various proportions and also from all 
the species we are acquainted with in the great altitude of the chambers, which is at least equal to the 
diameter of the septa, and sometimes even beyond that, as in the specimen which we have represented. 
In all the other details these shells are like O. regularis. 

The relation between the diameter of the septa and the height of the chambers appears to be a cha- 
racter of no importance; this proportion varies with age ; and the chambers are proportionally lower as 
they are more distant from the summit of the shell, or as they are more newly formed. Still this rela- 
tion is not exact between two shells of the same diameter which we might suppose to be of the same age: 
in fact we shall see in O.ériangularis chambers of unequal altitudes alternating without any regularity. 

In the same beds we meet with little parcels or bundles of acicular Orthoceratites from 7 to 8 milli- 
metres in length by half a millimetre in width. These microscopic shells, which are always slightly 
curved, appear. to be the young of the Orthoceratites regularis, although we have not always been able 
to ascertain the place of the siphon. The greater number of them are smooth, but there are some also 
which are finely annulated ; and as it is reasonable to suppose that all the individuals of one bundle belong 
to the same species, of which they would be the gemme, these external differences might be thought 
to be characteristic of the sexes of the individuals. 

Wissenbach, Ciland, Elbersreuth, Schiibelhammer, Prague, Revel, West Gottland ; forming rolled 
pebbles in the Mark Brandenburgh, &c. 


2. Orthoceratites gracilis, Blum., Arch. Telluris, Pi. II. f.6. De la Beche, Trad. Frane., p. 556. Tab. 
nost., XXVII. f. 4. 

Shell in form of an elongated cone. Septa numerous, horizontal, subhemispherical. Siphon small, 
rounded, placed at an equal distance from the centre and the edge. Toward the middle part of the 
shell the diameter of the septa is equal to the height of two chambers. 

This species differs from the preceding in the number of its septa, which is at least double ; in the 
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position of its siphon ; and in its form being a less elongated cone. According to Count Miinster it is 
distinguished from O. venwstus in being less conical, and in its more marginal siphon; the siphon of O. 
venustus being nearer to the centre than to the edge. Although we have given to this shell the name of 
O. gracilis, like other authors, it is still very doubtful if it be the same as that figured by Blumenbach. 
In the latter the siphon is marginal, the septa are more distant, and the whole shell much more elongated, 
since the author says it is cylindrical and not conical. 

Wissenbach ; very common. 

3. Orthoceratites Wissenbachii, nob., Tab. nost., XX VII. f. 3. 

Shell elongated, cone-shaped, smooth anteriorly, annulated toward the summit by transverse ridges, 
more prominent and undulated as they become nearer to it. The position of these ridges is incon- 
stant. Sometimes there is only one placed at a distance equal to two successive septa; sometimes 
they form two varices adjoining the suture of the septa. ‘The latter are straight, horizontal, and 
slightly concave. Siphon small, round, quite marginal, and apparently continuous. Chambers 
numerous, shallow ; two or two and a half to a diameter. 

In the position of the siphon the O. Wissenbachii approaches to the O. Steinhaueri of Sowerby, from 
which, however, it is distinguished by its other characters. The disposition of the rings recalls to mind 
also the O. duplicatus of Miinster, but this latter has the siphon central. 

Var. a. This shell differs from the preceding in being smooth and destitute of rings throughout its 
length, and further because the septa are much closer, since five may be counted in the space of one 
diameter. As to the obliquity of the septa, in our specimens it appears to be the result of accidental 
compression. When this variety shall have been more fully studied, it will probably constitute a distinct 
species. 

Wissenbach ; rare. 

4. Orthoceratites striolatus, H. v. Meyer, bei Dechen’s Handb. der Geogn. von De la Beche, p. 536. 
O. fragilis, Coll. of Schl. Jahrb. f. Min. 1833, p. 483. Tab. nost.. XXVII. f. 5, 5a. 

Shell of an acute cone shape, entirely covered with numerous filiform unequal strize, undulated in 
places. Septa horizontal, near together ; (two in the height of one diameter). The siphon, ill pre- 
served in our crushed specimens, appears to be submarginal. 

This species differs from the O.cinctus of Minster, in its more conical form, its less regular striz, and 
probably also in the position of the striz. It has some analogy with O. cincta, of Min. Conch., PI. 
DLXXXVIIL. f.3, and O. centralis, of Hisinger, Leth. Suec., Tab. [X. f. 4, which, like Count Miinstev’s, 
have the siphon central and the striz equal, with very regular interspaces. Neither does the O. striolaris 
appear to us to attain the dimensions of the shells represented and described by these authors and by Phillips. 

From Herborn, in the Posidonia slates; common. 

5. Orthoceratites linearis, Minst., Beitr. z. Petref. iii. Heft, Pl. XIX. f. 1. 

This species differs from the O.cinctus of the same author, and also from the O. cincta of Min. Conch., 
and the O. centralis of Hisinger, in the fineness of its strie, which appear to be more distinct in young 
individuals or toward the summit of the shell. 

Elbersreuth, Oberscheld ; common. 

6. Orthoceratites scalaris, Goldf., Bonn Museum. 

This shell, of which we possess only an impression, and which we have seen in the same condition in 
the Museum of Bonn, is conoidal and very short. Its diameter increases rapidly. It is ornamented with 
horizontal transverse rings of which the breadth is equal to half the smooth space which separates them. 

Herborn in the Posidonia slates; rare. 

7. Orthoceratites Dannenbergii, nob., Tab. nost., XXVIII. f. 1, 1a. 
Shell subcylindrical, forming a very elongated cone, covered with rounded, slightly prominent, regular, 
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oblique striz, crossing the suture of the septa at a very acute angle. These striew, of which the 
impression is seen upon the cast itself, belong to the inner lamina of the shell, which is entirely 
destroyed. Edge of the septa simple. In the anterior part of the shell, which is all we possess, 
these septa are very close, and five may be counted in the height of one diameter. Siphon rather 
large, elliptical and touching the edge. 

The peculiar disposition of the striz is sufficiently characteristic of this species. It is true, the Ortho- 
cera undulata, Min. Conch., Tab. LIX., presents folds oblique to the axis, but they are much larger, less 
numerous, and inclined in the same direction as the septa. The siphon, moreover, is submarginal. In the 
O. subtrochleatus and O. carinatus, loc. cit., of Miinster, Taf. XIX. f. 6, 8, the siphon is submedian 
and median, and the folds are undulated, instead of being straight as in the O. Dannenbergii. 

There is found in the iron mines of Brilon a transversely striated species which bears the greatest 
analogy with this. 

It is with pleasure we dedicate this species to M. Dannenberg who has so powerfully contributed by 
his assiduous researches to make known the Palzontological riches of the Duchy of Nassau. 

Wissenbach ; rare. 


8. Orthoceratites Ibex, Murch. Sil. Syst. Pl. V. f. 30. 


This species does not appear to us to differ essentially from the O. articulatum (PI. V. f. 31) of the 
same author, of which the ribs are perhaps more rounded, nor from the O. annulatus of Hisinger (Lethwa 
Suec., Tab. IX. f. 8), which is really the same as the O. annulata of Min. Conch., Tab. CXXXIII., for 
the obliquity of the rings is in most cases merely caused by accidental compression. It is true Mr. J. 
Sowerby now makes his O. lineolatum of this last, reserving the old name for the species called O. annu- 
latum in the Sil. Syst. As to the O. annulatum, Phillips (Geol. Yorks., Part 2, Pl. XXI.f.9,10. O. annu- 
lare, reference to Plates), it appears to be much shorter and more conoidal than the preceding, and the 
O. annulatum, Murch. (Silur. Syst., Pl. IX. f. 5, p.632 and note), which approaches the O. wndulatum, 
Hisinger (not Min. Conch.), differs principally in its transverse festoons and its longitudinal striz. The 
species which we indicate in the slates of Wissenbach is also distinguished from the O. scalaris, Goldf., 
in being much more elongated ; its ridges are sharp instead of being flattened, and the spaces which 
separate them, more considerable. 


Wissenbach ; rare. 


9. Orthoceratites calamiteus, Miinst. Beitraige zur Petrefact., Heft i. Pl. XVII. f. 5. p. 36.; Heft iii. 
p- 102. O. cingulatus, Goldf., Bonn Museum. 


We refer to this species, but with some doubt, in consequence of its bad state of preservation, a frag- 
ment of an Orthoceratite covered with transverse rings, very finely striated, as well as the intervals which 
separate them, and with narrow longitudinal ridges, which are more salient as they cross over the rings. 
Siphon median. 

In consequence of the presence of the striz, and the transverse and longitudinal ridges, this species 


seems to be intermediate between the Orthoceratites which present only one or the other of these cha- 
racters. 


Eifel, Chimay, Fichtelgebirge, Refrath, Brilon. 
10. Orthoceratites anguliferus, nob., Tab. nost., XXVII. f. 6. 


Shell of an elongated cone shape, smooth, but covered with chevrons or zigzag coloured marks, of 
which the acute angles correspond regularly from the upper to the lower end of the cone. These 
angles, about 18 in number, are alternately turned toward the summit and the base. The little 
brown bands which form them are half a millimetre in width, and are separated by an uncoloured 
space of nearly equal width. If a line be passed through the successive summits of the upper or 
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lower angles formed by the fracture of the same band an oblique ellipsis is obtained whose greater 
axis corresponds with a line passed through the siphon. Septa nearly flat and somewhat oblique. 
Siphon small, nearer to the centre than the edge. 

This species is distinguished from all its congeners by the remarkable colours with which it is orna- 
mented, as well as by their arrangement. This circumstance, together with several other considerations, 
has a tendency to prove the Orthoceratites to have been external and not internal shells like the 
Belemnites. 

Paftrath ; very rare. 


11. Orthoceratites nodulosus, Schlot. Petrefact., Pl. XI. f.2. Tab. nost., XXXI. f. 4, 4a. 

We have given a new representation of this species, as Schlotheim’s figure does not clearly show the 
characters. It might even be taken for a different shell, for the drawing exhibits a very large siphon 
placed between the centre and the edge, while it is in reality central and small. Moreover the section 
of the shell appears to be elliptical instead of being exactly circular. 

Eifel. 


12. Orthoceratites triangularis, nob., Tab. nost., XX VII. f. 1, la. 

Shell in the form of an extremely elongated triangular pyramid, of which the section is a rectangular 
isosceles triangle with rounded angles, whose two smaller sides are curvilinear, but the larger or 
hypothenuse is straight, whence it results that the small faces of the pyramid are curved, but the 
large face flat. Notwithstanding the absence of the shell; there may still be observed fine, irregular, 
slightly prominent strise, which upon each of the lateral faces rise toward the dorsal keel, forming 
with the suture of the septa an angle of 45°, and then pass over the ventral face, where they de- 
scribe a curve whose convexity seems turned toward the summit. Septa triangular, rounded, concave, 
with slightly undulated edges, the latter turning forward a little upon each angle or keel, then turn 
backward again in passing over the face. Height of the chambers variable, but they are generally 
very low, as eighteen may be counted in a space equal to the width of one of the smaller sides. 
Siphon circular, rather large, placed against the middle of the larger side and opposite to the right 
angle of the pyramid. 

This gigantic species was at least two metres in length ; the fragment we possess, and which could not 
be figured entire, measures 0°36. We have seen at Wurzbourg, in possession of Professor Landaberger, 
a specimen of this Orthoceratite, upon which are wide, rounded, slightly raised folds, corresponding to 
swellings or nodosities, placed upon the principal keel: in the specimen which we have represented there 
are only slight indications of these folds, which must undoubtedly be more prominent toward the summit 
of the shell than at the anterior part, the only portion which we have. 

Wissenbach ; very rare. 


13. Orthoceratites subfusiformis, Minst., Gomphoceras Beit. z. Petref., iii. Heft, Pl. XX. f.6, 7. Tab. 
nost., XXVIII. f. 2, 2 a. 

We refer to this species a shell from Oberscheld, which at least comes very near to it. Nevertheless, 
it is rather conoidal than ventricose; in which it resembles the O. fusiformis of Min. Conch., Tab. 
DLXXXVIII. f. 1 and 2. The shell is rather thick and covered with fine close-set striz, turning toward 
the place of the siphon, which is submarginal. The presence of striz upon this shell, which Count 
Minster describes as being smooth, has decided us to give a new figure of it. 

Oberscheld ; rare. 


14. Orthoceratites subpyriformis, Miinst., loc. cit. supra, Pl. XX. f.10. Tab. nost., XXVIII. f. 3, 3a. 
Shell regularly pyriform, short, smooth, and rounded anteriorly. Aperture narrow, transverse, having 
at the ventral part a deep, symmetrical, and rounded notch. Septa straight, horizontal, numerous, 


348 Viscount d’Arcutiac and M. de VERNEUIL’S 


very slightly concave, placed two millimetres from each other, and not continuing quite so far as to 
the part where the shell acquires its greatest breadth. The remainder, as far as to the aperture, 
forms the last chamber. Siphon very small, round, and marginal, increasing its distance from the 
margin as it rises to the last septum, where it is at a distance of four millimetres. 

While we preserve to this species the name of subpyriformis, we must remark that the chambers are 
only half the height of those given in the otherwise incomplete figure of Count Miinster. The form, 
however, appears to be very variable; and the chambered part of some very inflated varieties has 
the aspect of the Apiocrinite of the Bradford clay. Among these specimens not one has shown us the 
folds which according to Count Miinster accompany the outer margin of the upper septum and which 
give it the appearance of the joint of an Eguisetum, but a very distinct notch is seen in the interior 
immediately above the suture of the last septum. We have observed folds similar to those in question 
upon individuals from the limestone of the Eifel, and it might be thought, that they had some relation to 
the manner in which the animal was affixed in this last chamber of its shell. 

The disposition of the aperture in the present species appears to be common to all those for which the 
name of Gomphoceratites has been proposed, as well as to the Phragmoceratites. The O. subpyriformis is 
distinguished from O. pyriformis (Sow. Sil. Syst., Pl. VIII. f. 19, 20) in the position of its siphon and in the 
form of its aperture. This shell is naturally placed between the Orthoceratites and the Phragmoceratites. 

Paffrath. It is doubtful if the shell of the Eifel and Fichtelgebirge be identical with this. 


Siphon of Orthoceratites? Tab. nost., XXX. f. 3, 3a. 

We have given a representation of this which appears to us to be a cast of the annulated siphon of a 
very large species of Orthoceratite, in which case it would be placed near to the Conotubularie.of Troost. 
In it may be seen contiguous rings divided by vertical grooves into a great number of rounded pearl- 
like tubercles. The section of this body shows nothing in the interior but limestone similar to the rock 
in which it occurs, and it is without any trace of siphonal cavity. 

Paffrath; very rare. 


1. Cyrthoceratites lamellosus, nob. Tab. nost., XXVIII. f. 4, 4a, 46. 


Shell conoidal, arched, depressed, covered with raised, lamellar, transverse folds, at equal distances, 
a little undulated and between which may be observed finer striz, variable in number and also 
somewhat lamellar. These folds and striz, passing over the dorsal region, turn back to forma 
searcely evident groove above the siphon. Longitudinal, rounded, often obsolete folds are also 
observable toward the middle and upper part of the cone. Septa very slightly concave, elliptical. 
Siphon small, round, dorso-marginal. The last chamber appears to occupy one-fourth of the 
shell. 

When the shell has been somewhat worn by friction the lamella disappear, and then this Cyrthocera- 
tite has a very different aspect, only showing fine, very close-set, undulated, transverse strize, which cross 
the longitudinal grooves. The disposition of the lamellar folds in this species brings to mind the O. 
Jimbriatus (Sow. Sil. Syst., Pl. XIII. f. 20), a straight shell, whose siphon is central. In its form it ap- 
proaches O. Gesneri, figured by Phillips (Geol. Yorks., Part 2, Pl. XXI. f. 6), of which the siphon is also 
submarginal, but which has no lamellar, transverse striz. But, with regard to the O. Gesneri of Martin, 
it is a straight shell, and not a Cyrthoceratite. Our species differs from C. fimbriatus (Phil. Paleoz. 
Foss., Pl. XLIV. f. 214.) in the greater number and less depth of its longitudinal furrows, by its transverse 
lamellz being much more serrated, and by its general form being less bent. It differs equally from the 
C. quindecimale of the same author (Ib., Pl. XLIV. f. 216.) by its less serrated lamella and its less 
marked longitudinal furrows. 

As the Orthoceratites subpyriformis or Gomohoceratites approaches the Phragmoceratites, so does the 
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Cyrthoceratites lamellosus seem to unite the Cyrthoceratites to the Orthoceratites. ‘These two last-named 
genera are furthermore very nearly related, if indeed one of them ought not to be regarded as a sub- 
genus. The Orthoceratites are straight in the adult state, but when young the greater number are a 
little curved, and further we find, according to the species, that the place of the siphon varies from the 
centre to the margin. If, on the other hand, the character of the Cyrthoceratites is to be curved and 
involute, and to have the siphon dorsal, an uninterrupted series might be formed from the entirely invo- 
lute Cyrthoceratites of the mountain limestone of Tournay, to those which are nearly straight, and that 
including the form proper to the Spirula. 

As to the position of the siphon, it is also subject to great variation ; thus, the Cyrthoceratites aigoceros 
(Minster Beitrage, &c., 1839, Pl. II. f. 1.) has the siphon median. Inthe C. cineta of the same author 
(Pl. Il. f. 4.) it is also median, but in the C. costata (f. 5.) it is subventral. Then our C. lamellosus 
presents nearly the same degree of curvature as the C. cincta and the C. costata, nevertheless its siphon 
is neither central nor ventral, but dorsal. The boundary between these two genera is not well- 
marked, and it does not appear that it ought to be continued, except to facilitate the study and the 
classification of the numerous species which belong to them. In a methodical classification we think 
that the Cyrthoceratites, the Phragmoceratites, the Gomphoceratites, the Actinoceratites, the Conocera- 
tites, the Ormoceratites, the Conotubularig, &c., ought to form only subdivisions of the great genus 
Orthoceratites. 

Paffrath ; common. 


2. Cyrthoceratites ornatus, Goldf., Bonn Museum. Tab. nost., XXVIII. f.5, 5 a, 56. Phil. Pal. Foss., 
Pex V. £.21'7. 


Shell involute, spire formed of at least one volution and a half, depressed perpendicularly in the direc- 
tion of the involution and increasing rapidly in width. Surface of the shell divided into two parts 
or regions, one ventral, the other dorsal. The ventral or internal region presents nine or ten lon- 
gitudinal slight folds, sometimes bifid and separated by equal intervals. These folds, which are 
more apparent near the aperture than toward the summit, are crossed by fine, close-set, unequal, 
undulated and slightly lamellar striz of growth. The dorsal region is furnished with three longi- 
tudinal rows of elevated tubercles which are geminated or united together in pairs. The tubercles 
of the median row are placed a little behind those of the lateral rows, they are also less elevated, a 
little elongated and arranged in a zigzag direction. In each pair placed on the side, the tubercle 
which occupies the lateral keel is larger and more prominent than that of the back, to which it is 
joined by a sort of pinching up of the shell. This last is sometimes divided into two by longitudinal 
folds similar to those of the ventral region, and of which five or six are counted on each side of the 
back. It is the passage of these folds over the little transverse ridges which appears to produce 
the tubercles. This part of the shell is also covered with close-set, lamellar, undulated lines of 
growth. Septa slightly concave, irregularly elliptical. The difference between the two diameters 
augments gradually with age. Toward the summit of the shell this difference is as 3 to 4 and almost 
as 1 to 2 for the last septum. Siphon dorsal, submarginal, and corresponding to the interval between 
the median tubercles. 

The form of the septa, the position of the siphon, and the striz of growth, approximate this fine species 

to the preceding; but it differs much in its stature, in its tubercles, and in the involution of its spiral cone. 

Paffrath, Eifel ; rare. Newton, Devonshire. — 


8. Cyrthoceratites Hifelensis, nob., Tab. nost., XXXI. f. 2, 2a, 2 b. 


Shell involute, formed of at least one volution and a half, depressed perpendicularly in the direction 
of its involution and increasing rapidly in width. Surface of the shell divided into two parts or re- 
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gions, the one ventral, the other dorsal. The internal or ventral region presents from twelve to 
fourteen longitudinal folds or threads, with pretty equal spaces. Transverse folds, arched from 
back to front, with wider spaces than the threads, pass over these latter and form little tubercles 
upon them. Dorsal region more ventricose than the preceding, from which it is separated by two 
lateral keels. On each side of the back may be reckoned seven rounded folds or threads, more pro- 
minent than those of the ventral region. Transverse folds, setting off from the lateral angles, where 
they join those of the inner part by a very salient tubercular pinching (pincement), turn back, 
forming a very elongated S, and describe upon the middle of the back a sinus whose concavity is 
turned forward. The passage of these folds over the longitudinal folds is also marked by a more 
or less distinct tubercle. The whole shell is covered with fine, close-set, transverse undulated strie, 
which turn abruptly backward, passing over the back. Aperture transverse, ellipsoidal. Siphon 
unknown, but probably subdorsal. 

In young specimens (fig. 2 6.) the threads, as well as the transverse folds, are less prominent and 
rounded, and are destitute of the tubercle at their point of union. 

The C. Hifelensis differs from the C. ornatus in its more numerous threads and in the transverse folds 
of the dorsal region which are more close-set and continuous, instead of being interrupted. It has four- 
teen almost equal tubercles upon each fold, while in the C. ornatus there are only six, united two by two 
or in pairs. These two shells are in other respects very nearly related, and it may not be impossible to 
unite them as varieties when we shall have compared a sufficient number of individuals. At the same 
time it must be remarked that the characters which have determined us to distinguish them are ob- 
servable in all stages of growth of each shell. These two species are likewise distinct from the Spirula 
nodosa of Bronn and of the Bonn Museum. 

The C. Hifelensis is apparently allied to the C. tredecimale (Phil. Pal. Foss., Pl. XLIV. f.215.), but the 
state of the specimen figured by that author does not permit us to establish a perfect identity between 
the two shells. Moreover, the C. Hifelensis has fourteen longitudinal ribs instead of thirteen, and the 
latter number being unequal presents a rare circumstance in these symmetrical shells, the middle of the 
back of which is usually occupied by a more or less marked furrow. Besides, the transverse strie are 
filiform and very close, instead of being only four between each transverse rib. Finally, the latter are 
more numerous than in the shells from Devonshire. 

Eifel; rare. 


4. Cyrthoceratites depressus (Cyrtocera depressa), Goldf. Bronn, Leth. geog. Pl. 1.f.5. Tab. nost. 
AXIX. f. 1, 1 a. 


Shell in form of a shortened (surbaissé) cone, arched and forming half a volution, ventricose and ob- 
liquely depressed at its anterior part. Shell very thick upon the sides, thinner upon the back, 
marked with fine close-set lines of growth, rising over the back where they cross the suture of the 
septa at an angle which increases in proportion as these latter are nearer to the aperture. Septa 
nearly flat, in form of a horse-shoe, very rounded toward the summit of the shell, becoming elongated 
toward the middle part and presenting near the aperture three-fourths of an ellipsis, the last fourth 
of which is occupied by a ventral truncation. This truncation, which diminishes in width from the 
aperture to the summit of the shell, offers throughout this extent three slight undulations, of which 
one is median and two lateral. This disposition of the septa, which seem to radiate from a point 
taken at the interior of the ventral curve, agrees with the height of the chambers which is four 
times greater upon the back than upon the ventral part. Siphon subdorsal, occupied by a bundle 
of radiating or polypiform fibres, owing undoubtedly to a particular disposition of the muscle of 
attachment. 

The specimen, which we have figured of its natural size, is very like that which is represented, reduced 
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to a third, in the Lethea geognostica (loc. cit. supra); but, besides this latter figure not giving any idea of the 
remarkable disposition of the septa, it is otherwise inexact in the height of the chambers on the ventral part, 
not having been diminished proportionally to the rest of the shell, appearing double their proper height. 

Var.a. Shell distinguished from the preceding by a distinct, central, dorsal keel, which gives a penta- 
gonal form to the septa. 

We must observe, that it is to the unequal increase of the opposite edges of the chambers that the 
shells of this group owe the obliquity of their septa, and consequently their curved form, which, as may 
easily be conceived, is so much the stronger as the inequality is greater. Completely involute shells, 
like the Goniatites, show this difference at its maximum. Nevertheless, in the Cyrthoceratites depressus 
this curvature is relatively slight ; but this arises from the circumstance, that to the preceding differences 
in the height of the same chamber, there is added a much more distinct compression toward the aper- 
ture than toward the summit, and at the same time a rapid increase in the diameter of the shell. 

Eifel ; rare. 

5. Cyrthoceratites lineatus, Goldf., Bonn Museum. Tab. nost., XXX. f. 2, 2a. 

Shell conoidal, short, very slightly arched, very thick, marked externally with irregular, simple, sinuous 
lines of growth, which turn backward and pass above the siphon. The internal lamina of this shell 
presents longitudinal folds on each side of the back, which are often obsolete, but still distinct 
enough. A broad shallow depression is to be observed in the middle of the concave part opposite 
to the siphon. Septa nearly flat, suborbicular and horizontal toward the summit, ellipsoidal and 
oblique as they approach the aperture. Upon the back the chambers are twice and a half the height 
they are on the ventral side. Siphon round, nine millimetres in diameter, and placed ten milli- 
metres from the dorsal or convex margin of the shell. 

Paffrath, Eifel ; rare, 

6. Cyrthoceratites tetragonus, nob. Spirula dorsata, Bonn Museum. Tab. nost., XXXI. f. 3, 3a. 

Shell quadrangular, slightly arched, presenting longitudinal tubercular folds, with equal interspaces, 
upon the two outer angles. Inner angles simple. Septa numerous, near together, with undulated 
edges, concave on each surface and rising toward the aperture at their passage over the angles. 
Siphon small, subdorsal. Shell smooth or only marked with striz of growth. 

Eifel; rare. 

Phragmoceratites subventricosus, nob. Cyrthoceratites compressus, Goldf., Bonn Museum, Tab. nost., 
mmm f. 1, 1a. 

Shell in the form of a slightly elevated cone, compressed upon the sides and slightly arched, so as to 
present only half a volution when the shell is complete. Septa slightly concave, elliptical, having 
their greater diameter between the back and the ventral part, and being also a little sinuous anteriorly 
on the dorsal region. Chambers two and three times higher dorsally than ventrally. Siphon ventral, 
very near the edge, and madreporiform. 

This shell differs from the preceding in the position of the siphon, which is ventral, or placed on the 
concave face, and in its compression, which is parallel to its curve, instead of being perpendicular to it. 
These two characters, if constant, would justify the subdivision established under the name of Phragmo- 
ceratites. Our species, however, is distinguished from Phr. ventricosus (Broderip, Sil. Syst., Pl. X. f. 4—6) 
in being less compressed, which renders its two diameters less unequal. This difference accords with that 
of its geological position; Mr. Murchison’s species being found in Norway, as in England, in the Silurian 
System, while ours belongs to the Devonian System. 

Eifel, Refrath ; rare. 

1. Conularia Gervillei, nob. Tab. nost., XXIX. f. 3 and 4, 4a, 4b, 4c. 
Shell straight, forming a very compressed quadrangular pyramid, with equal sides and rounded angles. 
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Angles occupied by a deepish channel. A central, longitudinal depression upon each face. Fine, 
regular, equal, close-set strize cover the whole shell. They turn back abruptly at their passage over 
the lateral channel, at the bottom of which they are less distinct ; and they produce a simple undula- 
tion where they traverse the central depression of each face. 

We regard this specimen, which comes from Kemmenau near Ems, as the cast of the posterior part of 
a species which we have found at Néhou (La Manche). This last, which we have also represented (at f. 4), 
shows, upon the preserved part of the shell, little transverse ridges formed of rows of very fine and very 
regular granulations, separated by smooth grooves (f. 45). These granulations have been more or less 
destroyed by rubbing, and they are then represented by small irregular pores, also placed in rows (f. 4c). 
And lastly, in those parts from which the shell has completely disappeared, the striz observed upon the 
cast are similar to those on the specimen from Kemmenau. 4s to its flattened form, we think it is the same 
now as it was originally, and that it is not the result of compression after the death of the animal. It 
may be admitted that there have been Conularie of different forms, as there are among the Hyalee@ and 
Cleodore of the present seas. 

The specimens represented by figs. 3, 5 and 6, Pl. CCXL. of the Mineral Conchology, come pretty near 
to our species. In fact, they differ, says Mr. Sowerby, from that represented by f. 4, the only one which 
has served to establish the characters of the C. guadrisulcata ; but we should be disposed to think them 
still nearer to that figured at Pl. XII. f. 22. of the ‘Silurian System,’ to which we preserve the name 
given by Defrance, not believing it to be the same as the C. guadrisulcata from Coalbrook Dale. This 
opinion appears to us to be further confirmed by that of J. Sowerby himself, and it also agrees with the 
difference of geological position. 

From the Grauwacke of Kemmenau; Néhou (La Manche, France) ; rare. 


2. Conularia ornata, nob., Tab. nost., XXIX. f. 5,5 a 


Shell pyramidal, rectangular, consisting of four equal faces with a longitudinal channel on each angle. 
Faces slightly convex, ornamented with oblique, equal, regular folds, finely plicated at their summit 
and disposed in very open zigzags. On the middle of the faces, the folds diminish to overlay each 
other in an alternately inclined manner, instead of continuing from one edge to the other. The row 
of this sort of anastomosing folds, forms a longitudinal central elevation, though not very distinctly 
marked. The folds reach to the edge of the corners, alternating and terminating at the base of the 
channel with one or two small granulations. The transverse grooves which separate the folds are 
perfectly smooth. 

This species is distinguished from C. guadrisulcata (Min. Conch. Pl. CCXL. f. 4. and Geol. Trans., 
vol. v. Pl. XL. f.2. Non id. Sil. Syst., Pl. XII. f. 22.) in having wider folds with wider spaces, and 
in the smoothness of the grooves which separate them. 

Refrath, Eifel; rare. 


3. Conularia Gerolsteinensis, nob., Tab. nost., XXXI. f. 5, 5a. 


Shell in form of a quadrangular pyramid, with a compressed, rhomboidal base. Surface rather irre- 
gular, covered with transverse, capillary, very close-set, granular striz. These strize, whose con- 
vexity is toward the aperture, become more and more arched as they approach the summit, and 
they correspond to the bottom of the grooves which follow the angles of the pyramid. 

The extreme tenuity of the striz of this Conularia distinguishes it sufficiently from its congeners. 
Judging from an impression which comes from the same beds, this shell was prolonged at its summit 
into a recurved point, and it appeared to terminate anteriorly in part of a rounded vault. 

Eifel; rare. 

There is found in the limestone of Néhou a Conularia, C. Brongniarti, nob., (Tab. nost.. XXXI. 
f. 6, 6 a, 6b.) which is of a similar compressed form with the Conularia Gervillei, but it is distinguished 
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from that, as well as from the C. ornata, in having its pretty distinct folds continuous throughout the 
breadth of the faces; in their meeting upon the margins of the angles without uniting ; and in the trans- 
verse grooves being covered with very fine, very regular, very close-set perpendicular strie, which are 
only perceived with a magnifying glass. They differ also decidedly from the little folds which are ob- 
servable upon certain varieties of the C. guadrisulcata. The upper part of the shell is rounded into a 
vaulted form, and the ribs are granular and more close-set than upon the middle of the faces. To avoid 
all confusion relative to this species, we have given a figure of it. 

The Conularie, of which we now know ten species, are found in all the strata below the coal, and even 
in the coal beds, but it is easy to see that the species of this genus have been but ill determined down to 
the present time, or rather that they have all been referred to the C. guadrisulcata of the Mineral Con- 
chology, and because characters which belonged to the genus have been regarded as specific. It is only 
needful to compare the figures given by Bronn (Leth. Geog. Taf. I. f. 12.) and Hisinger (Leth. Suec. 
Tab. X. f. 4.) with those in the Mineral Conchology (Tab. CCLX.) to ascertain that they cannot all be- 
long to one species. The figure in Lethea Geognostica represents the C. pyramidata of May (Calvados), 
where it is common. A second, rectangular, more elongated species, covered with extremely fine striae, is 
found, but very rarely in the same locality. The Conularia of Sweden appears to belong also to the C. pyra- 
midata. And lastly, we know still another small species from St. Petersburgh, and one from North America. 

We have not been able to recognize in any of the specimens which we have examined, the two siphon- 
like depressions mentioned by J. Sowerby (Sil. Syst. p. 627), and we think, the family to which it seems 
these shells ought to be referred, precludes the idea of the existence of such a character. 


1. Bellerophon striatus, de Fer. et d’Orb. Monograph. des Cephal., Pl. VII. f.6, 7. (non Sow. Sil. Syst. ; 
non Bron. Leth. Geog., non Phil. Pal. Fos.), B. undulatus, Goldf. Bonn Museum, Tab. nost. 
XXVIII. f. 6. 


Shell nautiloid, globular, umbilicated; umbilicus small and deep. Aperture very large, transversely 
dilated, arched and semilunar. Shell thick, covered with transverse, rugose, pliciform and undu- 
lated striae, converging on one side toward the umbilicus, and terminating on the other at a central 
keel near to which they turn backward. The folds are wider and more prominent as they approach 
the aperture. The keel is flattened and formed by striz of growth of which the concavity is turned 
toward the aperture. These strie indicate the successive formation of the notch which corresponds 
to the middle of the right lip. 

M. d’Orbigny regards this species as identical with the B. undulatus of Goldfuss. 

Paffrath ; rare. 


2. Bellerophon tuberculatus, de Fer. et d’Orb., loc. cit. supra, Pl. VIL. f.7-10. Tab. nost. XXVIII. f. 9. 


Shell very globular; aperture transverse. The shell covered with fine and regular granulations inter- 
rupted upon the central keel. 

We have met with only very incomplete specimens of this species. 

Eifel; Paffrath. 


$. Bellerophon Murchisoni, de Fer. et d’Orb., loc. cit. supra, Pl. VII. f. 1, 2, 3. (B. striatus, Sow. Sil. 
Syst. Pl. III. f. 12. e.) Tab. nost. XXVIII. f.7,'7 a, 7 0. Var. fig. 8. 


We have represented this shell, which is already figured in Murchison’s work under the name of B. 
striatus, because it is a species common to the Devonian and the Silurian systems, being found not only 
in the old red sandstone of England, but also in the slates of Wissenbach, which represent the upper 
part of the Silurian system on the banks of the Rhine. 

The variety, fig. 8, is distinguished by its more distinct keel. The back does not show any flattened 
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central part. The aperture has the form of a complete instead of a truncated ogive, and striz like those 
of the typical variety are not perceptible. 
Wissenbach. 


4. Bellerophon elegans, de Fer. et dOrb., Pl. VII. f. 15-18. Tab. nost., XXIX. f. 2. 2 a. 


Shell globular, nautiloid, entirely covered with fine, longitudinal, pretty regular strie decussated by 
less prominent transverse strize, which turn backward slightly, passing over a scarcely evident central 
varix striated like the rest of the shell. Aperture large, rounded. Left lip reflected upon the two 
sides of the last turn but one of the spire and partly masking a very small umbilicus. 

Paffrath ; rare. 


Rostellaria ———— ? 
We refer to this genus, not unhesitatingly, an impression which we found in the Grauwacke of Priim 


in the Eifel. 
1. Buccinum arculatum, nob. Buccinites arculatus, Schlot. Pl. XIII. f. 1. Tab. nost., XXXII. f. 1. 

We unite under the name of Buccinum arculatum several shells different enough at first sight, of 
which a figure given by Schlotheim may be regarded as the principal type. 

The last volution being very much inflated at the base, gives the shell a regular conoidal form. The 
volutions are bounded above by a very broad area, generally flat, sometimes slightly concave or even 
convex. This area is bounded externally by a more or less distinct, rounded varix which accompanies 
it to the top of the spire. The volutions are flattened or very slightly convex. In the elongated variety 
a depression is seen below the varix, which is more rounded, the area is contracted and has a tendency to 
disappear. In the most inflated variety, which we have figured, the first volutions are ornamented with 
small, longitudinal folds, inflected toward the middle, and pretty regularly oblique toward the axis. 
Upon the last volution, these folds have only the character of striz of growth. On the contrary, in the 
very elongated specimens they are less regular upon the first volutions, and the whole shell only presents 
lines of growth. The different varieties show upon the middle part of the volutions four or five obsolete, 
transverse, undulated grooves parallel to the suture. The aperture little, slightly truncated, and effuse at 
the base, is rather narrow. The left lip is covered with a callosity which rises to the upper angle and hides 
a very small umbilicus, and then spreads over its lower extremity without forming a distinct canal. 
Columella wide, flattened, and furnished at its base with a more or less distinct fold. Right lip sharp- 
edged, simple, slightly sinuous and oblique to the axis. Upper angle sharp, but widened by the extension 


of the varix. 
Altitude of the variety figured, 93 millim. Diameter of the last volution, 53 millim. 


_ Paffrath ; very common. 
2. Buccinum Schlotheimii, nob. Buccinites subcostatus, Schlot. Pl. XII. f. 3. Macrocheilus arculatus, 
Phil. Pal. Fos., Pl. LX. f. 194*. Tab. nost., Pl. XXXII. f. 2. 

Shell turriculated, mucronated at the summit, more or less inflated toward its medio-inferior part and 
contracted at the base, composed of nine volutions, of which the first are covered with fine, 
longitudinal, rather oblique, undulated and pretty regular folds, while the last usually present only 
lines of growth. Suture simple, deepish. Aperture narrow, very contracted at its upper angle, 
a little dilated and rounded at its base. The truncation is scarcely evident. Left lip covered to 
the top by a wide callosity, rarely well-preserved. Columella very much flattened, offering in some 
individuals two rather distinct folds which are confounded at the base by a very short rounded one. 

Height of the largest specimens, 137 millim.; diameter of the last volution, 50. 

This species is not less variable than the preceding, and we might even say that it is connected with it 

by intermediate forms which would have determined us to unite them if we had not found some charac- 


Description of the Mossils in the older Deposits of the Rhenish Provinces. 355 


ters constant enough to separate them. In fact, the B. Schlotheimii is always more elongated than the 
B. arculatum, particularly the latter volutions, and it is contracted at the base. The simple suture is not 
accompanied by an area nor a varix. The less conoidal shell, which is mucronated and often inflated 
toward its middle part, resembles certain Mitres. The aperture also differs from that of B. arculatum. 
The system of folds upon the first volutions, and lines of growth on the last, are, on the contrary, perfectly 
similar in the two species. 

We refer the Buccinites subcostatus of Schlotheim to the B. Schlotheimii: it is an inflated variety of 
it, as is also the Phasianella ventricosa of the Museum of Bonn. We have not preserved to it the name 
of subcostatus, because that would seem to point out as a distinguishing character the only one that is pre- 
cisely common to both species. We refer to this species, also, as a variety, an elongated and more regu- 
larly conoidal shell, of which the upper part of the volutions, which is concave, is covered with transverse 
striz, which in crossing over very fine longitudinal folds form an elegant net-work upon that part of the 
spire. 

Bronn unites to these two species the B. breve and B. imbricatum, Min. Conch., Tab. DLXVI. f. 3, 2, 
but it is undoubtedly of the B. acutum (Ibid. f. 1.) that he intended to speak, as the B. breve has not the 
least relation to B. arculatum. There are, however, so many species whose forms are nearly similar, that 
it is difficult to make even tolerably certain approximations from mere figures. Thus the B.imbricatum 
would be referable to the variety ticketed with the name of Phasianella ventricosa in the Museum of 
Bonn. The figures 9, 17, 18, 19, and 20 of plate XV1. of Phillips (Geol. of Yorks., Part II.) might also 
be referred to B. Schlotheimii, but the last volution is proportionally much higher than in any of our 
varieties ; and the same with the aperture. As to the B. acutum of Mineral Conchology, it is certainly 
very near to our species, but the figure given by’Phillips seems to represent altogether a distinct shell. 

Paffrath ; very common. 


3. Buccinum breve (variety), Sow. Min. Conch., Pl. DLXVI. f. 3. 


We regard as a mere variety of B. breve a shell which differs only in its spire, in which there are two 
more volutions, and in the elongation of its last volution which renders the shell less globular and longer 
than that of the Mineral Conchology. The absence of a notch at the lower edge of the aperture, inclines 
us also to Mr. Sowerby’s opinion, that this shell would be better placed with the Turbines. 

Paffrath; rare. Limestones of Devonshire. 


MURCHISONIA. 


Generic character. Shell turriculated, aperture oblong, oblique, terminated at its base by a very short 
canal. Columella arculated and slightly recurved outwards. A narrow, more or less deep fissure 
on the right lip, with parallel edges, the successive filling up of which produces a single or double keel 
upon the middle of the volutions, or a narrow continuous band, exactly circumscribed throughout 

' the whole height of the spire t. 


1. Murchisonia coronata, nob. Turritella spinosa, Goldf. Bonn Mus. Cerithiwm antiquum, Stein., 
Mém. de la Soc. Géol. de France, t. i. p. 367. Tab. nost., XXXII. f. 3. 


Shell turriculated, pointed at the summit, with ten or twelve convex volutions. Suture deep, edged 
beneath with very salient, rather oblique tubercles, ten to each volution, and which are more ele- 
vated than the middle keel. The latter is edged by two threads or narrow ridges. The striz of 


+ For the details relative to the establishment of this genus and its species, see Bulletin de la Soc. 
Géol. de France, t. xii. p. 154. 1841. 
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growth turn abruptly backward as they approach the middle keel, and then forward again after 
having crossed it. Upon the base of the last volution they are arched and converge toward the ex- 
tremity of the canal which terminates it. A granular cord parallel to the keel may be seen also at 
the base of this last volution. Aperture elongated, rounded in the middle. Columellar lip covered 
with a narrow callosity which extends from the upper angle to the base of the aperture. Canal 
very short. Right lip furnished in the middle with a narrow and deep notch corresponding to the 
keel. Height, 35 millim ; diameter of the last volution, 13. 

We had at first referred to this species (Bull. de Ja Soc. Géol. de France, t. xii. p. 154) the Buccinum 
spinosum, Min. Conch., Tab. DLXVI. f. 4, but Mr. J. Sowerby’s figures 24-27 of plate LVII. of the 
‘Memoir’ of Sedgwick and Murchison (Geol. Trans., vol. v.), and those of Murch. spinosa (Phil. Pal. 
Fos., Pl. XXXIX. f. 192), have led us to consider the Devonshire shell as different from those which we 
describe, as well in the form of the mouth as of the tubercle on the last whorl. We have named the 
shell from the banks of the Rhine M. coronata, which appears to have been given by Goldfuss to one of 
his varieties, and which we found quoted in the Memoir of Beyrich (Beitrage, &c., p. 15). 

Found in all the Strygocephalus limestones of the banks of the Rhine, Paffrath, Hagen, Iserlohn 
Villmar, Sotenich, &c.; very common. 

Var. a. Shell conoidal, very much shortened; tubercles smaller, more numerous and less oblique. 


From the same localities. 


2. Murchisonia intermedia, nob., Tab. nost., XXXII. f. 4. Var. a, f. 5. 


Shell turriculated, pointed at the summit, composed of eight or nine convex volutions. Suture deep, 
accompanied by a decurrent granular varix, less elevated than the keel. The latter is scarcely sa- 
lient, but well marked by two parallel threads. Strize of growth disposed as in the preceding spe- 
cies. Aperture oval, contracted at its extremities. Columellar lip covered with a callosity which 
hides a very small umbilicus and rises again to the upper angle of the aperture. Columella rather 
twisted, recurved in form of an S. Canal very short and not deep. Right lip thin, sharp-edged, 
furnished with a narrow and deep notch which corresponds with the keel. Height, 35 millim.; 
diameter of the last volution, 13. 

Var. a. f. 5. Tubercles slightly marked, often blended together and then forming a continuous varix. 
Keel salient, more elevated than the varix. The granular ridge at the base of the last volution is scarcely 
distinct. Shell more elongated than the preceding, and of which the volutions appear to be imbricated. 
Height, 42 millim. ; diameter of the last volution, 15. , 

Var. 6. Shell very short, conical and resembling a little Trochus. 

Paffrath ; common, with the preceding. 


3. Murchisonia angulata, Phil. Pal. Fos., Pl. XX XIX. fig. 189. Rostellaria, id. Geol. of Yorks., Part II., 
Pl. XVI. fig. 16. Tab. nost., XXXII. f. 6. Var. a, f. 7. 


Shell conoidal, volutions increasing rapidly, very excavated. Varix not strongly marked. Keel ele- 
vated, double, angular, channeled. Suture very deep. Lines of growth similar to those of the 
preceding ; aperture rounded and not so high. Height, 42 millim.; diameter of the last volution, 21. 

Var. a. f. 7. Shell more elongated than the typical variety. Varixnone. Keel elevated, sharp-edged, 
single to the summit, where nothing is perceived representing the channel of the ae variety. A 
second, less evident keel, on the base of the last volution. 

Paffrath ; with the preceding, common. Petherwin (Cornwall), Brushford (North Devon). Paffrath, 

Visé (Belgium), in the mountain limestone. Bolland, ibid. 


4. Murchisonia bilineata, nob. (non Phil. Pal. Fos.) Turritella bilineata, Goldf. Bonn Mus. Melania, 
id, ib., Tab. nost.. XXXII. f. 8. , 
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Shell usually rather short, mucronated at the summit, and inflated toward the middle. Volutions 
slightly convex, rounded or slightly flattened. Varix very slight, sometimes none. Keel scarcely 
visible, but always indicated by the two threads which accompany it. Strize of growth similar to 
those of the preceding species. Base of the last volution simple. Aperture oblong, oblique, con- 
tracted at its extremity. Columellar lip covered with a callosity which rises to the upper angle of 
the aperture, where it is united to the right lip, forming a little channel within. Columella twisted, 
recurved in the form of an elongated S. Canal short and very shallow. Right lip thin, furnished with 
a deep slit which corresponds to the keel. Height, 39 millim.; diameter of the last volution, 17. 

Var. a. Shell shorter and conoidal. 

Paffrath &e.; with the preceding, common. Gronau. 

There is found in the limestone of Néhou (La Manche) a second, more slender variety, with rounded and 

very convex volutions. We have also collected it at Izé, near Vitré (Dép. de YTle et Vilaine). 

The four species which we have just described are connected together by numerous varieties, and cha- 

racterize the principal type that we have distinguished. We have rather proposed to facilitate the study 
and the knowledge of these numerous shells, than to establish among them really distinct species. 


5. Murchisonia bigranulosa, nob., Tab. nost., XXXII. f.9. Var. a, f. 10. M. bilineata, Phil. Pal. Foss., 
XXXIX. f. 191. Var. 6, f. 11. 


Shell conoidal, turriculated, composed of from ten to twelve flattened volutions. Keel salient, forming 
a little band divided by a more or less distinct line and occupying the middle of the volutions. Two 
rows of granulations accompany the suture, the one above, the other below. Upon each volu- 
tion the elongated and ovoid granulations of the upper row, sixteen or seventeen in number, are 
double the size of those of the inferior row. Suture deep and channeled. Base of the last volution 
(in the variety b, fig. 11), covered with granular lines formed by the crossing of the transverse striz 
and folds which radiate from the base of the left lip: these latter end at the inferior row of tuber- 
cles. Lines of growth, moreover, cover the whole shell. They turn abruptly backward as they 
approach the keel, and then forward again when they have crossed over it. Aperture elongated, 
contracted at its extremity. Left lip nearly straight. Columella a little elongated. Canal very 
short, at the union of the two lips. Right lip furnished with a pretty deep slit, the successive filling 
up of which during the growth of the shell is marked by the median keel. 

Height, 80 millim. ; diameter of the last volution, 24. 

Var. a. Shell shorter and more conoidal than the preceding. On the last volution the lower row of granu- 
lations is sometimes represented by a ridge or a simple keel, and then the upper volutions have only a 
single row of granulations. We refer to this variety the Turritella abbreviata (Min.Conch., Pl. DLXV. 
f.2. Syn. Murch. bilineata, Phill. Pal. Fos., Pl. XXXIX. f. 191), which, according to the author, 
has two rows of granulations upon each volution. In our opinion, therefore, Bronn was mistaken in 
referring it to one of our preceding species. Still, it must be acknowledged that this variety is very 
near to the abbreviated variety of M. coronata, although there is a great difference between the ex- 
tremities of these two species. 

Paffrath ; very rare. Devonshire, for the variety a. 


6. Murchisonia binodosa, nob., Tab. nost., XXXII. f. 12. 

Shell conoidal, subturriculated, composed of from eight to ten deeply excavated volutions. A rather 
wide, very flat, but neatly limited little band occupies the centre of each volution. ‘Two rows of 
tubercles accompany the suture. The tubercles of the upper row, sixteen in number, are very sa- 
lient and rounded. Those of the lower row, on the contrary, are but slightly evident, being well 
seen only on the last volutions. Lines of growth fine and undulated, turning backward as they ap- 
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proach the fissure, and forward again after passing it. The little band presents arcuated strie, 
whose concavity is turned forward. Slightly undulated folds, granular at their commencement, are 
seen upon the base of the last volution. Aperture oblong, differing probably but little from those 
of the preceding species. 

This shell differs from the M. bigranulosa, by its much greater stature, by the size of its tubercles and 
the form of its volutions which are excavated instead of being flat ; and lastly, by its broad and flat band, 
which is narrow and raised in the preceding species. 

Lustheide ; very rare. 


7. Murchisonia tricincta, nob. Schizostoma tricincta, Miinst., Beitr. z. Petref., iii. Heft, Pl. XV. f. 14. 
Var. Tab. nost. XXXII. f. 13, 13 a. 

This shell differs from that figured by Count Miinster, in the keel being placed near the base of each 
volution, instead of dividing them into two equal parts ; thus the volutions are, as it were, imbricated. 
Further, there is between the keel, which is double, and the suture, a third thread, which is not seen in 
the type of the species ; and lastly, our shell appears to attain a much greater dimension than that of 
the limestones of Elbersreuth. 

Villmar ; very rare. 


8. Murchisonia teniata, nob. Turritella teniata, Phill. Geol. of Yorksh., Part 2. Pl. XVI. f. 7. 


We have some doubt in referring to this species, belonging to the mountain limestone of Bolland, a 
worn-out shell brought from Gronau. 


Turritella ———_—_ ? 


To this genus we refer a not well-characterized cast of a shell which we found in the slates of Wissenbach. 
Turbo squamiferus, nob., Tab. nost., XXXII. f. 14, 14a. 


Shell conoidal, subturriculated, composed of six angular volutions each ornamented with two rows o£ 
raised pliciform scales, one of which, very prominent, is onthe medio-superior part of the volutions, 
and the other, which is composed of finer and more numerous scales, is at the base. Suture simple. 
Two narrow and sharp keels are also seen at the lower part of each volution ; one of these, fre- 
quently plicated, forms the outer edge of a very small umbilicus, and ends at the base of the right 
lip. The whole shell is covered with lines of growth, more distinct on the last volutions than on 
the first. Aperture round, its edges disjoined at the upper part. Left lip a little reflected, and 
uniting with the right lip by a continuous curve. Height, 28 millim. ; diam. of the last volution, 20. 

Limburg. 


Monodonta purpurea, nob., Tab. nost., XXXII. f. 15, 15 a. 


Shell trochiform, composed of four volutions, of which the last is very large and constitutes alone 
two-thirds of the shell. Volutions convex, rounded, covered with from ten to twelve rows of gra- 
nulations, disposed very regularly and reaching to the umbilical callosity, near to which the strie 
are finer and more close-set than upon the last volution. Aperture semilunar, very oblique to the 
axis. Left lip wide, very much flattened, and entirely covered by a callosity which rises to the 
upper angle. This lip is furnished with a rather strong tooth placed at the top of the umbilicus. 
The latter is hidden by the callosity, but a slight depression points out its place. Columella areu- 
ated and united to the right lip by a regularly rounded curve. Height, 22 millim. ; diameter of the 
last volution, 18. 

This shell is remarkable for the flattening of the left lip, very like what is observed in the Purpure, 
and for the absence of any truncation of the columella, which is united continuously with both lips. It 
could be referred to Grateloup’s genus Neritopsis. 

Paffrath; rare. 
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Trochus Ivanii, Lev., Mém. de la Soc. Géol. de France, t.ii. Pl. Il. f.24. Var. Tab. nost., XXXII. f. 16. 


We have represented this variety, which we should have regarded as a distinct species, if intermediate 
forms had not obliged us to refer it to the 7’. Jvanti from Tournay, which is itself extremely variable 
in that locality. Our variety is much more depressed than the type of the species and the rounded volu- 
tions scarcely present a rudiment of the area and the keel. The striz are more unequal and at less 
regular distances: the base of the shell also is less inflated and the aperture is more rounded. 

Paffrath ; rare. Tournay (Belgium), in the mountain limestone. 


1. Pleurotomaria catenulata, nob., Tab. nost., XXXII. f. 17, 17 a. 


Shell in the form of an abbreviated cone, composed of four convex volutions flattened on the upper 
part. Suture simple. Volutions ornamented with six or seven granular threads, of which the two 
central are the largest and form a distinct angle upon that part of the spire. The space between 
these two threads is occupied by concave striz representing the fissure of the right lip. Base of 
the last volution wide, convex, covered with very numerous and very regular concentric strie, 
between which there is often one very fine intermediate. Umbilicus very small. Aperture trans- 
verse. Left lip slightly arcuated. Columella salient. Inferior edge parallel to the superior. Right 
lip rather angular toward the middle part where the notch is. 

This species is apparently allied to P. aspera (J. Sow., Geol. Trans., Second Series, Vol. V. Pl. LIV. 

f. 16.; Phill. Pal. Foss. XX XVII. f. 177.), but the ridges are less distinct and the strie are not strictly 
granulated. 

Villmar ; common. 


2. Pleurotomaria Orbignyana, nob., Tab. nost., XXXII. f. 18, 18a. Var. a, f. 19, 19 a. Var. b, f. 20, 
20 a. 


Shell conoidal, pointed at its summit and enlarged at its base, with six rounded volutions, ornamented 
with six equally spaced transverse threads obliquely traversed by lamellar folds inclined backward 
and forming an elegant chequer work on the surface of the shell. Upon the last volution these strize 
terminate at a narrow channel which limits its base, and in which are seen striz, the concavity of 
which is turned forward. Beyond this, very delicate, concentric threads, sometimes unequal, like 
those of the upper part of the volutions, are traversed by lines of growth again directed backward 
and converging toward the umbilicus. Suture canaliculated, in consequence of the junction of the 
volutions below the channel. Aperture subquadrangular. Columella a little elongated and arcuated. 
Right lip with a narrow fissure which corresponds to the external channel. Height, 10 millim.; 
diam. of the base, 9. 

Var. a. (fig. 19, 19a.) Transverse threads less salient ; oblique folds less close-set and rounded. 

Var. b. (fig. 20, 20a.) Transverse threads very distinct; oblique lamellz also very prominent; and 

all the volutions angular. 

This shell has some analogy with the Ewomphalus granulatus, Miinst., Beitrage, iii. Heft, Pl. XV. 

f. 10. 

The figure of Plewr. cancellata, Phill. Paleoz. Foss. XX XVII. f. 176, is too imperfect to enable us to 

decide if this species does not belong to one of our varieties. 

Villmar ; very common. 


3. Pleurotomaria Lonsdalit, nob., Tab. nost., XXXII. f. 21, 21a. 


Shell in form of an abbreviated cone, composed of five volutions, ornamented with transverse granular 
threads, four in number, and between which are intercalated more delicate striae. Upon the base 
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of the last volution, which is nearly sharp-edged, a narrow, scarcely distinct channel, limited beneath 

by two threads, is recognized by its concave stria. There are also other granular strie upon the 

almost concave base of the shell. Umbilicus rather large. Aperture transverse, small, very de- 

pressed. Right lip notched at its outer angle. Height, 5 millim.; diameter of the base, 12. 
Villmar; rare. 


4. Pleurotomaria Defrancii, nob., Tab. nost., XXXII. f. 22, 22 a. 


Shell conoidal, pointed at the summit, with seven angular volutions, ornamented with two, irregu- 
larly plicated transverse keels, the upper one simple and the lower double. Suture deep and canali- 
culated. The strie of growth setting off from the suture turn abruptly backward to the second 
keel composed of two contiguous lamellz, and beyond which these striz turn forward and then 
run toward the base of the aperture. A third keel is seen at the base of the last volution upon the 
prolongation of the suture, and a fine ridge placed below accompanies it to the right lip. Aperture 
quadrangular. Columella salient, prolonged and slightly arcuated. Right lip furnished with a 
linear fissure corresponding to the interval of the two lamellz of the second keel. Height, 14 millim. ; 
diameter of the base, 10. 

In some individuals the upper part of the volutions is decussated like the Plewrotomaria Orbignyana. 
In others the keels are less elevated, and not so sharp, and the two folds of the second are more distant, 
showing a shallow channel, as in the preceding species. 

Villmar ; rare; and Visé (Belgium), mountain limestone. 


5. Pleurotomaria undulata, Phill. Geol. of Yorksh., Part 2. Pl. XV. f. 14. 


The spire of some individuals is only a little more elevated than in tle shell of the mountain limestone 
of Bolland. 
Slates of Wissenbach ; common. 


—? 


6. Pleurotomaria 


We have found at Paffrath, but very rarely, a small globular species with rounded volutions and which 
has a rather broad raised band on the upper part of the volutions. It differs from the preceding in this 
band, which is placed higher up; and in the extremely delicate transverse striz which accompany it to 
the base of the last volution. 


7. Pleurotomaria elegans, nob., Tab. nost., XX XIII. f. 3, 3a, 36, 3c. 


Shell sinistral, turbinated, composed of six regularly convex volutions. Suture simple, rather deep. 
Volutions covered with very fine and close-set granular striz, eighteen to twenty in number, upon 
the last volution. These granulations, which give to the surface of the shell the appearance of 
shark’s skin, are caused by the crossing of the transverse strive by oblique striz which run from the 
suture to the base of each volution. Upon the last this base is bounded by a depressed, scarcely 
evident band, of which the striz of growth are directed froin front to back. The base of the shell 
is grooved with concentric strie traversed by radiating and undulating lines of growth, but without 
producing the elegant granulations that are seen on the volutions. Aperture depressed, elliptical. Co-° 
lumella salient, alittle arched. Slit rather wide, but not deep, placed at the lower angle of the right 
lip and corresponding to the external band. Height, 13 millim.; diameter of the base, the same. 

In this species, remarkable for its sinistral volutions, there are individuals in which the rows of granu- 

lations are of two sorts, some composed of united and contiguous grains alternating with others whose 
grains are distinct and isolated, and of a rhomboidal form; as is seen in the magnified fragment at fig. 3 ¢. 

Villmar; common. 
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8. Pleurotomaria Beaumonti, nob., Tab. nost.. XX XIII. f. 1, 1 a. 


Shell conical, composed of five volutions, of which the first are convex and the latter flattened. Volu- 
tions ornamented with four or five equally separated, transverse striz, very finely granular toward 
the summit of the spire. Upon the last volutions the granulations are changed into oblique, undu- 
lated lamellar folds taking the direction of the lines of growth. Sutures canaliculated. The 
angle which limits the base of the last volution is occupied by two small keels, between which 
is seen the channel representing the fissure of the right lip, and marked with concave striz. The 
base of the shell has eight or nine radiating and undulating lines of growth. Aperture quadrangular, 
subrhomboidal, with the lips disunited at the upper part. Left lip partly formed by the prolonga- 
tion of the columella, which is thick and slightly arcuated. Right lip angular and furnished at 
its internal angle with a rather deep fissure corresponding to the external channel. Height, 10 
millim. ; diameter of the base, 11. 

This shell, upon which there still remain some traces of colour, consisting of brownish longitudinal 
patches, is somewhat related to Pl. sguamula (Phill. Geol. Yorks., Part 2, Pl. XV. f. 17), and to the 
Trochus Petraeos (Mist. Beitrage, &c. iii. Heft, Pl. XV. f. 16); but the figures given by these authors 
are too incomplete to establish a more precise approximation. 

Villmar; rare. 


9. Pleurotomaria limbata, Phill. Geol. of Yorkshire, Part2, Pl. XV. f. 18. Var. Tab. nost., XX XIII. f.2. 


This shell, remarkable for its form, differs from that which Phillips has figured only in the fine, transverse 
and undulated strie which occupy the middle and lower part of the volutions, thus interrupting the 
oblique folds, which are continuous in the variety from the mountain limestone. The slit of the right 
lip would correspond to the line of union of the two superposed lamine which form the sharp and undu- 
lated edge of the last volution. Traces of colouring may be observed upon the surface of this shell also. 

Paffrath; very rare. 


10. Pleurotomaria exaltata, nob., Tab. nost., XX XIII. f. 5. 


Shell conoidal, formed of eight angular volutions. A rounded and wide band or keel, neatly defined 
by two striz, divides the volutions into two unequal parts, of which the upper is the larger and 
concave, and the lower is convex. Upon the middle of the first the lines of growth which set off 
from the suture turn abruptly backward until they reach the keel; upon the second, these striz, 
setting off from this same keel, first turn forward and then backward to take a radiating direction 
toward the base of the shell. The arched strie of the keel are concave on the side of the aperture. 
Suture deep and undulated by the folds which the striz of growth form. Base of the last volution 
limited by a rounded varix. Lower surface of the shell flattened and covered with strize which 
converge toward a probably very small umbilicus. Aperture transverse, subpentagonal. Left lip 
unknown. Inferior edge almost horizontal and slightly arcuated. Right lip angular and furnished 
with a wide and deep fissure which corresponds to the external band or keel. Height, 70 millim.; 
diameter of the base, 75. 

This fine species, whose form approaches that of a Chinese pagoda, was found at Refrath by Dr. 

Hasbach. 


11. Pleurotomaria delphinuloides, Helicites delphinuloides, Schlot., Petref., Pl. XI. f.4. Tab. nost., XX XIII. 
f. 4. var. f. 4 a. 


We have given a new representation of this species which is very imperfectly figured in Schlotheim’s 
work. The shell is not even in perspective, and the drawing does not show the disposition of the striz 
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of growth. Broad, slightly prominent; radiating and undulating folds may also be seen upon the base 
of the last volution. Some individuals, moreover, show obsolete stria: upon this part of the shell. 

We have also given a figure of one of the numerous varieties of this species (Pl. XXXIII. f.4a.). It 
is remarkable for the great elevation of the spire. The volutions are less flattened on the upper part 
than in the other varieties. The lines of growth are thicker and the band is placed lower. Perhaps these 
characters may at some future time cause this shell to be regarded as a distinct species. 

Although very plentiful in the limestones of Paffrath, the Pl. delphinuloides is rare in all other loca- 
lities. The cast figured at Pl. LVII. f. 17. of Messrs. Sedgwick and Murchison’s memoir on Devonshire 
(Geol. Trans., vol. v.) seems to be a small individual of our turriculated variety. The Pl. vittata (Phill. 
Geol. Yorks., Part 2, Pl. XV. f. 24) might also perhaps be regarded as a variety between the two that we 
have figured, as well as the Helix cirriformis, Sowerby (Min. Con., Pl. CLXXI. f. 2. Pleurotomaria, 
Index). 


Paffrath ; very common ; the limestones of Devonshire and mountain limestone of England. 


EUOMPHALUS.—I. Species with rounded or very slightly carinated volutions. 


i. Huomphalus Goldfussii, nob. Ewuomphalus spinosus, Goldf. Bonn Mus., Tab. nost., XXXIV. f. 1, 
La, 2; 2a. 

Shell discoid, flattened above, deeply excavated beneath. Six rounded volutions, very slightly convex 
and nearly smooth above. In the middle numerous, oblique, rather irregular striz in the first place 
run forward and then backward to reach the inner suture. In passing over the lower plane of the 
volutions these striz are interrupted or modified by irregular folds. These latter produce unequal 
tubercles, inclined forward, sometimes spinose, sometimes pliciform, and 10 or 12 in number 
upon the base of each volution and placed at equal distances from the inner suture and the outer 
edge. In the umbilicus the last volution but one is also armed with spiniform tubercles placed 
against the suture. The transverse striae are usually distinct and very regular upon the first 
volutions, at the bottom of the umbilicus, and near its top they often unite in bundles and join the 
tubercles. The latter become gradually slighter and disappear altogether upon the first volutions. 
Upon the middle part of the volutions may also be observed zigzag striz which cross the preceding 
and cause a reticulated or finely granular character, which is still more distinct in young individuals 
without tubercles. Umbilicus very open, showing all the volutions. Aperture round, scarcely 
modified by the penult volution and occupying two-fifths of the total diameter. 

In young individuals (fig. 2, 2a.) the decussated strize are more distinct both above and beneath 
each volution than in the adult, in which they often disappear even from above as the tubercles are de- 
veloped beneath. In the young shell the involution is almost symmetrical and on the same plane, but 
with age the increase in the height is made almost exclusively downwards, of which the result is a very 
large umbilicus without great elevation of spire. 

This fine species is distinguished from #. nodosus (Sow. Min. Con., Tab. XLVI.), by the absence of 
the keel from the upper part of the volutions, by the form of its spinous folds, and by the striz with 
which its surface is ornamented. It is equally distinguished from the Z. bifrons, Phillips (Geol. Yorks., 


Part 2, Pl. III. f. 4.), by the position of its tubercles, which are placed on the lower instead of the upper 
side of the volutions. 


Lustheide, Paffrath ; rare. 


2. Euomphalus Labadyei. Tab. nost., XXXIII. f. 6, 6a, 66. 


Shell discoid, composed of five volutions slightly carinated above and regularly plicated beneath. 


Description of the Fossils in the older Deposits of the Rhenish Provinces. 363 


Folds twenty-four in number, surrounding a very open umbilicus in which are seen all the volu- 
tions. Aperture subpentagonal, its width equal to a third of the total diameter. 

This small species is distinguished from the E. nodosus, Sow., by its stature, which is always much 
less, and by its folds instead of tubercles. The number of these folds is double that of the tubercles, 
and further, they radiate toward the umbilicus, while in Sowerby’s species they are elongated even in 
the direction of the involution. This shell might then be regarded as a true Solarium, since it possesses 
the only character which distinguishes this latter genus from Ewomphalus. 

Paffrath; rare. Newton. Tournay, mountain limestone. 


3. Huomphalus levis, nob. Helicites priscus, Schlot. Petref., Pl. X. f.1. Tab. nost., XXXIII. f. 8, 8a. 
Shell subdiscoid. Spire somewhat elevated, composed of five volutions, subcarinated above and 
rounded beneath. Suture simple, rather deep. Striz of growth very fine, close-set and slightly 
undulated. Umbilicus rather wide, showing the interior of the spire. Aperture quadrilateral, 
rounded. Shell thick. 
This shell, which seems to be related to Helicites priscus, bears the greatest analogy to certain Huom- 
phat of the mountain limestone. 
Paffrath ; rare. 


4, Euomphalus planorbis, nob., Tab. nost., XX XIII. f. 7, 7 a. 

Shell discoid, planorbular, composed of seven rounded volutions, increasing slowly, contiguous, but 
not embracing in young individuals, which are almost symmetrical. Suture simple and deep. Spire 
searcely raised above the last volution. Striz of growth numerous, radiating, simple and straight. 
Umbilicus very open. Aperture rounded, nearly entire. 

This species approaches very near to the E. serpens of Phillips’s Palzoz. Foss., XXXVI. f. 172. 

Villmar, Paffrath ; common. 


5. Euomphalus Serpula, de Koninck, Descrip. Anim. Foss. Belgique, Tab. nost., XX XIII. f. 9, 9a, 9 6. 
This shell differs from the last, of which it is perhaps only a variety, in its volutions being often sepa- 
rated and free. Sometimes united and contiguous when young, they separate and become distant with 
age. Sometimes the involution is continued on the same plane, but occasionally it forms an irregular, 
more or less elevated spire. 
This Huomphalus, common enough at Paffrath, is not less so in the mountain limestone of Belgium 
and Ireland. 


6. Euomphalus annulatus, Phill. Pal. Fos., Pl. LX. fig. 172*. Tab. nost., XX XIII. f. 11, 11 a. 

Shell discoid, planorbular, nearly flat above, excavated beneath, composed of six rounded, exposed 
volutions, increasing slowly, and contiguous but not embracing. Regular, numerous, transverse 
strie, set off from both sides of the suture, and rise to one-third of the surface of the volutions, 
then subdivide into four or five much finer striz in passing over the back of the shell. Aperture 
entire, rounded, furnished with a salient varix. A second varix may be seen, also upon the last 
volution, at some distance from the aperture. 

This little shell is remarkable for its varices, in which it resembles certain Serpule. 

Paffrath; rare. Newton. 


II. Species with more or less sharp-edged angular volutions. 


7. Euomphalus qualteriatus, Bronn. Leth. Geog., Pl. Il. f. 1, a, 6. Helicites qualteriatus, Schlot., 
Pl. XI. f. 3. Var. nob. 
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We regard as a simple variety of this species a shell which only differs in its less salient spire, in its 
less sharp external edge, and in its aperture, which the more rapid increase of the last volution renders 
higher. 

Refrath ; rare. 


8. Euomphalus trigonalis, Goldf. Bonn Mus. Solarium Petropolitanum, Pander, I. f. 3, XXVIII. f. 14, 
p- 150. Tab. nost., XXXIII. f. 10, 10a. ; 


Shell flat or slightly concave above, subconoidal beneath, composed of five volutions, the first of 
which are rounded and convex, and form a very low spire, and the last, which is very large, con- 
stitutes nearly the whole of the shell. It is divided by a rounded keel which reaches the level of 
the spire and limits the upper and concave part of this last volution ; the other part, which forms 
a right angle with the latter, is prolonged and rounded beneath toward the base. Suture deep and 
channelled. Aperture forming an elongated curvilinear triangle. 

Although we have only incomplete casts of this shell, which bears a certain analogy with Helicina 
expansa (Min. Con., Pl. CCLXXIII. f. 1-3. Rotella Index), we have mentioned and figured it on account 
of its singular form. Some casts have a brilliant blackish covering. 

Paffrath. 


9. Huomphalus Schnurii, nob., Tab. nost.. XXXIV. f.7, 7a, 76. 

Shell discoidal, planorbular, almost flat above, very widely excavated beneath, and composed of five 
contiguous, but not embracing, volutions. Volutions ornamented with two very salient keels, one 
at the upper part, and the other limiting the base of each volution. Very fine, close-set strie radiate 
from both sides of the suture, passing over the keels and producing there a row of rather indistinct 
but regular granulations. Upon the back of the shell these striz are still finer and inclined back- 
wards. Upon the first volutions may be remarked a third central keel, which corresponds to the 
suture of the volutions which cover it. Aperture subpentagonal, wider than high, not modified 
by the penultimate volution. 

Although the striz do not continue regularly from the suture to the base of the volutions, but are 
inflected a little in passing over the two keels, we do not think there is ever any true fissure in the right 
lip, or that this shell could be placed in the genus Schizostoma. Besides, it has a certain analogy with 
Euomphalus Catillus (Sow. Min. Con., Tab. XLV. f. 3, 4), which in our opinion is not a true Schizostoma. 
The Z. Schnurii differs from FH. Catillus in the form of its volutions, which may be ascertained by com- 
paring the aperture of the two species. The aperture of /. Catillus is triangular and higher than it is 
wide, which is precisely the reverse in #. Schnurii, in which moreover it is pentagonal. 


Eifel ; rare. 


1. Schizostoma radiata, nob. Euomphalus radiatus, Goldf. Bonn Mus., id. Phil. Pal. Fos., Pl. LX. f. 171*. 
Tab. nost., XXXIV. f. 3, 3a, 36. 


Shell sinistral, planorbular, concave on both sides, of five volutions (not embracing), slightly convex 
above, but much more developed beneath. There are two keels, the superior of which is very 
distinct and forms a sort of circular, thin and sharp-edged crest upon the last volution; the inferior 
is rounded and placed on the edge of a very open umbilicus. Suture deep. Above, the volutions 
are ornamented with numerous regular folds, arcuated forward, and prolonged by fine diverging 
strie upon the anterior crest. Beneath, other striz, setting off from the edge of the same crest, re- 
curve in an inverse direction, at first forward and then backward, to join the inner suture. Aperture 
imperfectly triangular, with sinuous edges, and presenting on the external edges two pinchings 
(pincements) which correspond to the keels. 

This shell, remarkable for its sinistral involution, is not less so for the lamellar crest with which it is 
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surrounded. The inverse arrangement of the striz above and beneath shows that it must have been 
formed by the simultaneous secretion from the two contiguous edges of a fissure in the mantle of the 
animal, a circumstance analogous to that which occurs in var. a. of Murchisonia angulata and in Pleu- 
rotomaria Defrancii*. We have therefore placed this shell in the genus Schizostoma, to which also 
E. elatus, of Hisinger (Pl. XI. f. 7), ought to be referred. This latter has a similarly striated keel. 


Eifel ; Newton. 


2. Schizostoma Puzosit, nob., Tab. nost.. XXXIV. f. 8, 8a, 8b. 


Shell discoidal, planorbular, formed of six volutions flattened above and convex beneath. Suture 
wide and channelled. Volutions ornamented at their middle part with eight or ten transverse, 
undulated and unequally separated striz, which are crossed upon the first volutions by longitudinal 
lines. These latter, at first simple and straight at setting off from the canal of the suture, soon 
become divided into two or three as they approach the lower edge. The latter is formed of two 
equal keels which separate a shallow decurrent channel. Setting off from the upper keel the striae 
go forward again to reach the suture ; at length upon the last volution they turn backward and run 
toward the umbilicus after having made still one or two more wide undulations. On the base of 
the shell there are two bands of concentric strize separated by a zone which is destitute of striae, as 
well as the part surrounding the umbilicus where there are only striz of growth and obsolete folds. 
Umbilicus funnel-shaped, showing a part of the spire within. Aperture transverse, with a sinuous 
edge, and disunited above, rounded beneath and straight above. External angle of the lip straight, 
furnished with a shallow notch corresponding to the upper keel. Aperture equal to two-fifths of 
the diameter of the shell. 

We are indebted to M. Puzos, to whom we have dedicated it, for the knowledge of this fine shell. 


Eifel ; very rare. 


1. Cirrus Leonhardi, nob., Tab. nost.. XXXIV. f. 9, 9a. 


Shell of a short conical form, pointed at the summit, very wide at the base, and composed of seven 
angular volutions. Suture wide and deeply channelled. The first volutions have two simple keels, 
which upon the following are loaded with transversely compressed tubercles, almost contiguous, 
and increasing in size. Upon the last volution a third keel, also nodulose, forms a continuation to 
the suture. Lastly, the umbilicus is surrounded by a varix which divides the base of the shell into 
two parts. Upon the last volution lines of growth, very distinct, irregular, and much undulated, 
pass over the folds of each keel and take an oblique direction toward the umbilicus. This latter is 
leep and funnel-shaped, and shows a part of the spire within. Aperture entire, subpentagonal, its 
edges joined and undulated, nearly equal to half the total diameter of the shell. 

Paffrath ; rare. 


2. Cirrus rotundatus, Sow. Pl. CCCCXXIX. f. 1, 2. 


A smaller and more conoidal variety. 
Paffrath. 


Rotella heliciformis, Goldf. Bonn Mus. Helicites helicineformis, Schlot., Petref., Pl. XI. f. 6. 


Paffrath ; common. 


* For an explanation of the mode of closing the fissure in these various genera see Bull. de la Soc. 
Géol. de France, vol. xii. p. 157, note. 
VOL. VI.—SECOND SERIES. 3B 
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1. Natica margaritifera, nob., Tab. nost., XXXIV. f. 4, 4a. 


Shell ovoid, with a very short spire composed of four volutions, the last alone forming nearly the 
whole of the shell. Upper volutions ornamented with two or three rows of granulations between 
which new rows become interposed as the shell increases, so as to present as many as twelve upon 
the last volution. Six or seven, larger than the others, may then be reckoned, between which the 
smaller are placed ; or they may be all of the same size and equally distant. Suture subcanalicu- 
lated. Aperture semilunar, oblique to the axis, rounded at the base and contracted at the summit. 
Left lip entirely covered by a callosity which hides the umbilicus and reaches to the upper angle. 
Right lip simple. Height, 10 millim.; diameter, 8. 

Paffrath ; rare. 


2. Natica subcostata, nob. Nerita subcostata, Goldf. Bonn Mus. Tab. nost., XXXIV. f. 5, 5 a, var.a, f.6. 


Shell subglobular, spire short, composed of five or six volutions, flattened toward the middle part, the 
last very large, composing nearly the whole of the shell. Suture rather deep. Spire covered with 
greater or smaller, close-set and oblique folds, which commence at the suture and bifurcate on 
reaching the middle part of each volution: upon the last they are prolonged as far as to the cal- 
losity of the left lip. In some individuals these folds become decided ribs which do not bifureate, 
and between other supplementary ribs which accompany them to the base. There are three 
transverse rows of brown spots which are the remains of the colouring matter of the shell. Aper- 
ture large, semilunar, oblique to the axis, rounded at the extremities. Left lip flattened, com- 
pletely covered, together with the columella, by a callosity which unites with the right lip at the 
upper angle. Base of the aperture rounded and slightly effuse. Right lip dilated. 

Var. a. fig. 6. (Nat. newxicosta, Phill. Pal. Fos., Pl. XXXVI. f. 174.) Shell much more globular than the 

preceding. Volutions regularly rounded. Aperture more dilated. Callosity of the left lip narrower. 

We do not think that the Murex harpula, Sow. (Min. Conch., Pl. DLXXVIII. f. 5), belongs to this 

species, as Bronn seems disposed to admit. Mr. Phillips unites both under the name of Macrocheilus 
harpula (loc. cit. XX XIX. f. 197, p. 105), but his figure does not appear sufficiently complete to enable 
us to pronounce with certainty on the resemblance. 

Paffrath ; common. Devonshire. 


Pileopsis cassideus, nob., Tab. nost., XXXIV. f. 10, 10a. 


Shell of a very short conical form, very oblique. Summit pointed, recurved, and extending beyond 
the base. Aperture subelliptical, transverse. From the summit sets off a salient keel which de- 
scends to the base, where it produces an indistinct ridge (pincement peu prononcé). 

Grauwacke of Kemmenau; very rare. 


Orbicula ————_ ? 

Numerous Orbicule are found in the Kemmenau beds, but not sufficiently well-preserved to be de- 
scribed. They attain dimensions much greater than any of the species yet known belonging to the 
older beds. 

Kemmenau, Le Faou, Brittany. 


Lingula ——-—— ? 


A species related to L. cornea, Sow. (Sil. Syst., Pl. III. f. 3). 
Lethmate ; rare. 


1. Terebratula concentrica, de Buch, Mém. de la Soc. Géol. de France, t. iii. p. 214. Bull. id. xi. Pl. 
1K Ce ae 
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The position of the spires in this species was not known, but we have ascertained that they are placed 
as in the Spirifere, that is to say, their opposite extremities are directed toward the lateral angles. In 
the Terebratule, as Von Buch observes, the ciliated arms are usually turned one toward the other, or 
placed vertically in the shell and ending nearly in the middle of the ventral valve (7. prisea). 

Therefore this character of the position of the ciliated arms is not found exclusively in the Spirifere, 
and we are already acquainted with three species of Terebratula in which it exists, 7. concentrica, T. 
Roissyi (Bull. de la Soc. Géol. de France, vol. xi. Pl. III.), and 7. ferita, de Buch (Pl. XXXV. f. 34, of 
this memoir). Besides which, the Spirifer bisulcatus, Sow., figured at the end of Prestwich’s memoir 
(Trans. of Geol. Soc. of Lond., vol. v. Pl. XX XIX. f. 21.), has, on the contrary, its spires placed verti- 
cally as in certain Terebratule. The 7. concentrica found at Néhou (La Manche) has a more distinct 
fold to the ventral valve. It is also wider, which brings it nearer to the form of certain Spirifere. 

Refrath, Eifel. Tchudova, Chimay, Huy, Couvin, Boulogne, Néhou. Newton, Torquay, Devonshire. 


2. Terebratula Voltzii, nob., Tab. nost., XXXV. f. 4, 4a, 46. 


Shell rounded, inflated, valves equally gibbose, covered with very fine, regular, radiating striz from 
sixty-five to seventy in number. These striz, before reaching the edge of the valves, combine in 
bundles, by twos and threes, so as to form four or five obsolete folds in front. Beak of the dorsal 
valve small, inflated and slightly recurved. Area triangular. Deltidium indistinct. Perforation 
round, placed immediately under the point of the beak. Dorsal sinus very much raised. Ventral 
valve more or less gibbose according to age. Warix slightly evident. Cardinal edges nearly rect- 
angular. Lateral angles slightly curved. Width, 114 millim.; length, 13; thickness, 10. 

This species is distinguished from all those with which it might be confounded, by the extreme deli- 
cacy of its strie. These latter, by combining together in the form of folds toward the edges of the 
valves, bear some analogy to what is seen in 7. furcillata and T. Schnurit. Young individuals are much 
less ventricose, and they are subtrigonal. Theodori, see de Buch, Mém. Géol. Soc. France, Pl. XIV. 
f. 13, Pl. XX. f. 12, p. 143. 

Paffrath ; rare. 


3. Terebratula Gryphus, de Buch, Mém. de la Soc. Géol. de France, iii, Pl. XVI. f. 18. Uneites 

Gryphus, Defr. Dict. Se. Nat., tome LVI. p. 257. Terebratulithes Gryphus, Schlot., Petref. p. 259., 

Pl. XIX.f.1. Gypidia Gryphoides, Goldf. bei Dechen Handb. der Geogn. von De la Beche, s. 527. 

This shell is very common in the limestone beds of Paffrath and Hagen in Westphalia, where it is 

associated with Strygocephali and Megalodontes. Casts of the inside are also found in the grauwacke 
of Salchendorf, near Siegen. 


4. Terebratula caiqua, nob., Tab. nost.. XXXV. f. 1, La, 16. 


Shell very elongated, elliptical. Valves equally ventricose, smooth, or only presenting strie of growth 
which are not numerous. Beak of the dorsal valve inflated, very much recurved, and touching the 
other valve. Aperture round and terminal. Area very small. Deltidium none. The dorsal valve 
is inflated toward the middle, where it presents a sort of obsolete keel which soon disappears. 
Ventral valve slightly keeled, attaining its greatest height at the middle, and forming a very regular 
curve from the beak to the front. The latter is rounded, without any trace of fold or sinus. The 
angle of the cardinal edges is 90°. These latter run into the lateral edges, which unite together in 
front by a regular and continuous curve. Length, 59 millim.; width, 38; thickness, 37. 

This shell, shaped like a little canoe or caigue, pretty nearly resembles the Terebratula lagenalis, 

Schlotheim, which belongs to the middle oolitic beds. It differs, nevertheless, in the angle of the car- 
dinal edges, which is much greater, in the absence of the truncation in front, and in that of the three 
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planes (plans), which terminate there. Although we are only yet acquainted with a single individual of 
this species, it appeared to us to be too evidently distinct from all its congeners to leave it undescribed*. 
Paffrath ; very rare. 


5. Terebratula ferita, de Buch, Mém. de la Soc. Géol. de France, t. iii. Pl. XVII. f. 4, p. 182. Tab. nost., 
XXXV. f. 36, var. f. 3, 3a. 

Our variety is so completely distinguished at first sight from the type of 7. ferita, that it might be re- 
garded as a species if it did not vary much in itself, and if there did not exist sufficiently numerous in- 
termediate varieties to establish a specific identity. This variety (fig. 3.) is less rounded than that de- 
scribed by Von Buch. The elongated beak is straight and the aperture altogether terminal. The area 
is much elevated, and divided in two by a linear deltidium. On each valve there are seven unequal folds, 
which are very distinct, rounded, and not always symmetrical. In one of the individuals represented at 
fig. 3, the middle of the front does not exactly correspond to any one fold or groove, while in the other 
(fig. 3 a.) is to be seen a small central fold corresponding to a groove in the ventral valve. Transverse 
strie, concentrical, regular and pretty distinct, particularly toward the edge of the valves. The surface 
of these latter, as well as of the area and of the deltidium, are very finely and elegantly punctulated. 

We have also represented (fig. 3.) an individual belonging to the type of the species, of which, the 
ventral valve being partially destroyed, the spires turned outwards are seen; a character which had long 
been regarded as peculiar to the Spirifere. 

Eifel, Villmar, Plymouth, Newton, Barton. 


6. Terebratula lepida, Goldf. Bonn Mus., Tab. nost., XXXV. f. 2, 2a, 26, Ze. 

Shell very small, oval, sometimes globular. Ventral valve elliptical. Median sinus wide, shallow, li- 
mited by two rounded folds on each side. A straight filiform fold at the bottom of the sinus. Con- 
centric strie regular, and a little squamose. Dorsal valve ventricose, subcarinated, furnished with 
three rounded folds on each side of the dorsal sinus, which is shallow. Strie similar to those of the 
other valve. Beak extremely small. Aperture placed beneath, and touching the ventral valve. 
Length, 6 millim. ; width, 5; thickness, 4. 

Its form would bring this species into Atrypa of Dalman, if that genus could be preserved in a scien- 

tific classification, which we think it cannot. 

Eifel; rare. 


Strygocephalus. 

Although this genus belongs evidently to the order of Brachiopoda, the shells of which it is composed. 
present characters, both internally and externally, which distinguish it equally from the Terebratule and 
the Spirifert. De Buch is disposed to refer the Strygocephali to the first of these genera, in which they 
would compose a small group with the Terebratula Gryphus. We have, nevertheless, preserved to them 
the name by which they are generally known. 


1. Strygocephalus Burtini, Defr. Dict. des Sciences Nat., tome li. p. 102. Pl. LXXV. f. 1, 1a—e. Bronn, 
Leth. Geog., Pl. IL. f.5. Terebrat. porrecta, Sow. Min. Con., Pl. DLXXVI. f.1.  Terebr. Strygo- 
cephalus, de Buch. Mém. Géol. Soc. de France, t. iii. p. 230. 

Like most of the Brachiopoda, the Strygocephali present variations the limits of which it is difficult 
to ascertain. Sometimes the form of the area and the curve of the beak vary so much as to have caused 
the establishment of distinet species. Thus the JS. rostratus is really nothing more than a variation of 
the S. Burtini, in which the very recurved beak hides a part of the area and almost touches the ventral 


* Since this description was in type M. Goldfuss has seen our plates, and he has informed us that 
Terebratula caiqua is the T. amygdalina of the Bonn Museum. Aug. 1842, 
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valve. The S. Burtini is very abundant at Paffrath, at Villmar, and in the Eifel. It is found also at 
Dietz, Brilon upon the Lahn, at Chimay, and in Devonshire. 


2. Strygocephalus dorsalis, Goldf. Bonn Mus. Tab. nost., XXXV. f. 5, 5a. 

This species, named by Goldfuss, differs from the preceding only in having a more or less distinct me- 
dian groove upon each valve. This groove is prolonged to the beak of the dorsal valve, and on the con- 
trary only reaches the middle of the ventral valve. Very delicate, slightly undulated, longitudinal striz, 
which cover the whole shell and descend from the beaks to the edge of the valves, do not exist in the S. 
Burtini; and the cardinal line, instead of being regularly arched, is formed of two straight lines, which 
unite under the beak and present a very obtuse angle. 

Paffrath ; common; Devonshire. 


Pentamerus Knightii, Sow. Min. Conch., Pl. XXVIII. Murch. Sil. Syst., Pl. VI. f. 8, &e. 


Contrary to the opinion of de Buch, who unites the Pentamerus to the Terebratula Gryphus, (Mém. 
Géol. Soc. de France, t. iii. p. 174) we think they ought still to be distinguished. The P. Knightii never 
has the elongated form of the 7. Gryphus, nor the pointed beaks where the cardinal edges meet at an 
angle of 40°. We refer to P. Knightii some siliceous casts from the grauwacke of Greifensten in West- 
phalia, and from Hohenzolen. 

1. Spirifer curvatus, Terebratulithes curvatus, Schlot. Petrefact., Pl. XIX. f. 2. 

According to Mr. Hasbach this species is found at Paffrath. It exists also in the Eifel. 


2. Spirifer aperturatus, Terebratulithes aperturatus, Schlot. Petref., Pl. XVII. f. 1. Trigonotretra apertu- 
rata, Bronn, Leth. Geog., Pl. II. f. 13. Delthyris canalifera, Goldf. Bonn Mus. D. aperturata, de 
Buch, Mém. de la Soc. Géol. de France, t. iv. pl. XIII. f. 19. Varieties, Tab. nost., XXXV. var. a. 
f. 7,7 a, and var. 0. f. 8, 8a. 

Bronn unites this species to the Terebratula canalifera, Lam., to make his Trigonotreta aperturata. 
The height and the form of the area are variable, and the beak of the dorsal valve is more or less re- 
curved. We shall particularize the two following varieties. 

Var. a. cuspidata, f.7, 7a. Area flat, perpendicular to the hinge, and forming a rectangular triangle 
whose hypothenuse is the hinge itself. The general form of the shell is like that of S. euspidatus (Sow. 
Min. Conch., Tab. CXX.), from which, however, it is distinguished by having numerous folds in the 
sinus and on the varix (which are wanting in the species of the mountain limestone), and in the greater 
number of its lateral folds. Between this variety, which appears to remain of a small size, and the type 
of the species, there exists an uninterrupted series of intermediate forms, in which the area has a ten- 
dency to become concave, and the valves to assume larger and larger proportions relatively to this part. 
The number of folds, however, remains the same. 

Refrath, and at Paffrath; as casts. 

Var. b. echinulata, f. 8,8 a. The form of this is the same as that of the common variety ; the area is 
very elevated, its height being two-fifths of the length of the hinge. This shell is well characterized by the 
small spines with which the folds are covered, the grooves which separate them remaining smooth. These 
spines are short, truncated, close-set, and all directed downwards, thus giving to the folds some resem- 
blance to certain spines of Cidarites. There are thirty folds on each side of the varix and of the sinus, 
and twenty upon each of these last-mentioned parts. They are, therefore, finer and nearly double the 
number of those of the other varieties. The sinus is also less deep and the varix less salient, and its folds 
bifurcate more frequently than on the sides. 

Bensberg. 

De Buch unites the Terebratula subconica (Conch. Anomites subconicus, Mart., Petrif. Derb. Tab. 
XLVII. f. 5-7.) and S. bésewleatus (Sow. Min. Conch. Tab. CCCCXCIV. f. 1, 2.) to the S. aperturatus, 
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but we think there is reason to preserve these species, particularly the last, which differs notably in the 
beak and the area. 


3. Spirifer mediotextus, nob., Tab. nost., XXXV. f. 9, 9a, 9b, Ye. 

Shell depressed, semilunar, ventral valve covered with radiating ribs, which are simple, slightly undu- 
lated, twenty-four to twenty-six in number on each side, and which become narrower and more 
close-set as they approach nearer to the extremities of the hinge. Beak slightly recurved upon the 
area. In place of a varix there is a slight depression covered by a very delicate net-work, forming 
longitudinal and transverse capillary strie. This net-work is not prolonged to the beak, although the 
groove reaches the latter part. Dorsal valve more ventricose than the ventral, and having the same 
number of folds similarly placed. Area large, very slightly concave. Upper angle 125°. Beaks 
scarcely recurved. Aperture triangular, wide. Sinus large, flat, and covered with a net-work si- 
milar to that of the other valve. Front presenting a double depression, and the junction of the valves 
at this part forming a simple, straight and horizontal line. ‘This latter character is not yet known 
in any other species of the genus. Length of the hinge, 40 millim. ; of the shell, 24; thickness, 16. 

Refrath ; very rare. 


4. Spirifer chetropteryx, nob., Tab. nost., XXXV. f. 6, 6a, 6b. 
Shell winged, very short, valves equally ventricose. Ventral valve divided into three parts by two 
elevated ribs, which set off from the beak and confine between them a rather indistinct varix. Two 
or three obsolete folds on each side. Beak slightly prominent, and touching the hinge. Lateral 
edges very concave, prolonged into wings. Dorsal valve divided by two ribs, similar to those of the 
other valve. Area very long, narrow, concave. Aperture triangular, extending from the beak to 
the hinge. Beak slightly recurved. Median sinus wide and deep, marked with pliciform striz of 
growth, like the rest of the surface. Front presenting a broad and deep fold, whose edges, resulting 
from the junction of the dorsal and ventral ribs, are unequally prolonged in the direction of the ribs. 
Length of the hinge, 27 millim. ; from the beak to the inner angle of the front, 11 ; thickness, 7. 
‘The two ribs are so developed upon each valve that these latter are divided into three concave lobes. 
The species is no less remarkable for this character than for the great length of the hinge. In the only 
two specimens we know, the prolongation of the ribs is unequal, and the shell represents pretty well the 
extended wing of a Bat. This disposition of the ribs and the pliciform strie of growth recal to mind 
what is seen in Z. trigonella. (Schlot., de Buch, Mém. Géol. Soc. France, t. iii. p. 189. Pl. XVII. f. 2.*) 

We have found in the mountain limestone of Visé, a shell which seems to be only a variety of S. chei- 
ropteryx. It is less transverse, the area is more elevated, the ribs are less prominent and less prolonged 
beyond the front, and lastly the folds and the striz of growth are more distinct than in our specimens 
from Paffrath. 

Paffrath ; very rare. 


5. Spirifer heteroclitus, de Blainv., Malac., Pl. L. f.3. De Buch, Mém. Géol. Soc. France, iv. Pl. VIII. 
f. 11. Calceola heteroclita, Defr. Dict. des Sc. Nat., Planche Ostracées et Conchacées, f. 3. 
We possess only a cast of this species: it comes from Villmar, where it appears to be very rare. Sp. 
heteroclita is found also in the Eifel and in Devonshire. 
6. Spirifer trapezoidalis, Cyrtia trapezoidalis, Dalm., Acad. Holm. 1827, Pl. III. f. 2. Id. Bronn, Leth. 
supra, P\. III. f. 2. De Buch, loc. cit. Geog., Pl. VITI. f. 12. 
This species is found at Paffrath, according to de Buch. 


7. Spirifer glaber, Sow. Min. Conch., Pl. CCLXIX. f.1, 2. Variety minor, nob. 
This shell, very abundant in certain beds at Paffrath, seems to be the miniature of the Sp. glaber, which 
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is found in the mountain limestone of Belgium, Ireland, Yorkshire and Derbyshire ; wherefore, notwith- 
standing the great difference of its stature, we can only give it as a variety. When the shell is not de- 
composed, which happens rarely, extremely fine radiating striz may be seen, crossed by the lines of 
growth. The shell, when partly decomposed, is of a more or less silvery dull white. 

Paffrath ; very common. 


8. Spirifer resupinatus, Terebratulithes vestitus, Schlot. Petrefact., Pl. XV. f. 1. 


The specimens collected at Mettmann near Elbersfield in the Strygocephalus limestone, are identical 
with those of the mountain limestone: but those of the Eifel differ somewhat, and come nearer to JVere- 
bratulithes striatulus, Schlot., Pl. XV. f. 4. ‘S 

Mettmann and mountain limestone of Visé. 


9. Spirifer connivens, Phill. Geol. of Yorksh., Part ii. PI. XI. f. 2. 


Very small triangular Spiriferi are found at Paffrath, similar to Sp. connivens. This species is very 
common in the mountain limestone of Yorkshire, and we have also found it at Boulogne. It appears to 
us to be only a variety of the preceding species. The specimens from Paffrath are distinguished merely 
by eight or ten rather more distinct radiating striae. 

The Spiriferi of the family of Jmpressi of de Buch, that is to say, the Sp. ( Terebratulithes) striatu- 
lus, Sp. (T.) similis, Sp. (T.) excisus, Sp. (T.) vestitus, Schlot., Sp. (T.) resupinatus, Mart., and Sp. 
connivens of Phill., are very much like each other, and might be considered as varieties of the same 
species. Their specific differences, if any exist, appear to us at least very difficult to ascertain. It is 
natural enough that this species, being ill-defined and subject to numerous varieties, should be found in 
beds of very different ages. 


Lepiena sericea, Sow. Sil. Syst., Pl. XIX. f. 2. 
This very finely striated shell is found at Braubach. 


1. Orthis Murchisoni, nob., Tab. nost.. XXXVI. f. 2. 

Upper valve forming rather more than a half-circle, flat above, folding back below toward the edges, 
and ornamented with nineteen radiating ribs, sharp-edged near the beak, and slightly inflected upon the 
sides. These ribs curve toward the front and follow the form of the valve. They are very finely striated, 
and the striz as they bifurcate become more and more numerous on approaching the edges, where 
fifteen may be reckoned upon each rib. Ribs wide, flattened, and having a tendency to disappear near 
the lateral edges. Hinge straight. Beak forming a scarcely evident prominence above the cardinal 
line. Lateral edges uniting to the hinge at an angle of 85°. Ventral valve unknown. 

A fossil collected by the late Rev. J. J. Conybeare, on Snowdon in Wales, and figured at Pl. XXV. 
f.2,in the Fourth Vol. (1st Series) of the Trans. of the Geol. Soc. of London, appears to be nearly 
similar to this species. 

Siegen, grauwacke; rare. 


2. Orthis Sedgwicki, nob., Tab. nost., XXXVI. f. 1. 

Ventral valve forming rather more than a half-circle. Hinge straight, without area. From the beak, 
which touches the cardinal line without any prominence, set off twenty folds, which soon bifurcate, to 
become more and more subdivided as they approach the edges, where they are only represented by 
bundles of finely striated folds. Dorsal valve unknown. 

The Orthis Sedgwick is related to O. Murchisoni, and this affinity is naturally expressed by the ap- 
proximation of two celebrated names, as intimately united by the noble friendship of those who bear 
them as by the unity of their labours. 

Grauwacke of Landerskron and Siegen ; rare. 
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3. Orthis Lepis, nob. Strophomena lepis, Bronn, Leth. Geog., Pl. Il. f. 7. Productus elegans, Hiipsch, 
Natur. Nieder. Deutschl., Pl. I. f.'7, 8. Isis, 1825, 12° Cahier, Pl. XIII. Stein. Mém. Ale la Soc. 
Géol. de France, i. p.361. Tab. nost., XXXVI. f.4, 4a. 


We have to remark upon this species, that the straight hinge is very nearly equal to the width of the 
shell, and that it is composed of two very distinct and much elongated are. Upon the middle of each 
area there is a triangular fissure, remarkable for its smallness in proportion to the shell. These fissures 
are usually closed, and are one-third of a millim. in width. 

The O. Lepis differs from Leptena transversalis, Dalm., Orthis transversalis, de Buch, in its still more 
transverse and less elongated form, and by the dilatation of the lateral edges, which, in the Z. trans- 
versalis, have a tendency to approximate in descending toward the front. 

The form of O. Lepis being the same as that of the Producti, it is not surprising that it should have 
been placed in that genus, to which Dalman gave the name of Leptena. In some individuals where the 
area is still more contracted it becomes almost impossible to perceive the fissure. Those species called 
Leptena by the Danish naturalist, and even by J. Sowerby in Murchison’s Silurian System, form the true 
connecting links with the Producti, in which the area and the triangular fissure are no longer discernible. 


4. Orthis subarachnoidea, nob. ( O. arachnoidea, Phill. Pal. Fos., Pl. XX VII. f. 114, non Spirifer; id. 
Geol. Yorks., Part 2, Pl. XI. f. 4.), Tab. nost., XXXVI. f. 3. 


Shell depressed ; dorsal valve presenting the form of an ellipsis truncated by the cardinal line, which 
is straight, and as wide as the shell. The lateral edges, at right angles to the hinge, are rounded, 
and coalesce with the front so as to describe three-fourths of a regular ellipsis. Fine and deep 
strie (perhaps granular at their extremities) set off from the beak and radiate toward the edges, 
being subdivided several times. Ventral valve unknown. Length, 60 millim.; width, 48. 

This species has some analogy with the Sp. arachnoidea, Phill. (Geol. of Yorksh., Part 2, Pl. XI. 
f. 4.), but as this author only gives the upper valve, which we have not, we have not yet thought proper 
to consider as identical shells so incompletely known, and which, furthermore, belong to very different 
geological systems. 

Grauwacke of Kemmenau and Ems. It is found also in Devonshire. 


5. Orthis minuta, Goldf. De Buch, Mém. de la Soc. Géol. de France, t. iv. p.217, Tab. nost., XXXVI. 
f. 5, 5a, 5b. ; 

Shell nearly hemispherical, presenting on each valve twenty-one very distinct radiating ribs, which 
are simple, or rarely bifureate. Hinge straight. Ventral valve semicircular, concave, particularly 
under the beak. Lateral edges forming an angle of 110° with the hinge. Median apophysis, sa- 
lient upon the area above the beak. Dorsal valve ventricose, beak very much recurved and some- 
what yentricose. Area very narrow, concave. Aperture very small, closed, and partly covered by 
the apophysis of the other valve. Length, 12 millim.; width, 13; thickness, 6. 

Eifel. 


Pecten Hasbachii, nob., Tab. nost., XXXVI. f. 13. 


The only fragment we possess of this shell is so incomplete that we cannot determine all the cha- 
racters of the species, nevertheless it has furnished us with a sufficient number to enable us to distinguish 
it from all others of the same genus that have yet been found in the older beds, and to decide us to give 
a representation of it. 

The radiating ribs, which were in number from eighteen to twenty, are wide, flattened, and divided into 


two, three or four, by grooves which continue almost to the beaks. The grooves which separate the ribs 
are concave, and sometimes have one or two obsolete folds. 
Refrath ; very rare. 
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Trigonia? suleata, Goldf., Tab. nost., XXXVII. f.6. (See the Note, p- 400.) 


We preserve to these bivalve casts the name which Goldfuss has given them, undoubtedly from better 
specimens than ours, for we should have been led to think them Cypricardie. They are, however, very 
characteristic of the grauwacke of the banks of the Rhine. Those which we have from Ems appear to 
differ in some respects from that of Kemmenau, which has been figured. 


Ems, Kemmenau ; common. 
Posidonia mytiloides, Goldf. 


Under this name we know a small shell of which impressions alone are found in the slates, and which 
we have been unable fully to determine. It has also been given under the name of P. myacea. 
Eibach near Dillenburg. 


Avicula Goldfussii, nob., Tab. nost.. XXXVI. f. 15, 15 a. 


Shell subtrapezoidal, elongated, very inequilateral, thick, with a keel on each valve, which sets off 
from the beak, and takes a tortuous direction toward the lower angle. Another, less distinct keel, 
is placed a little lower, between the former and the cardinal edge. Beaks subterminal, small and 
very recurved. Hinge straight, rather long and very oblique. Numerous and distinct lines of 
growth covered the whole shell, and as far as we can judge from the cast which we have represented, 
they were much finer and more close-set near the beaks. 

The absence of all traces of teeth in the hinge, has prevented us from placing these casts among the 
Perne, with which they have some analogy in form and thickness. This shell is allied to the O. Saturni 
of Goldfuss, Pl. 116. f. 3. 

Paffrath ; rare. 


Arca Michelini, nob., Tab. nost., XXXVI. f. 6. 


Shell transverse, subquadrilateral, very inequivalve and ventricose. Beaks subterminal, rounded and 
recurved. Hinge straight. Lower edge parallel with the hinge. Keel very much rounded, setting 
off from the hinge and becoming attenuated as it takes a direction toward the lower posterior edge. 
Striz of growth numerous, distinct, unequal, and slightly undulated. 

This species resembles Arca torulosa, de Buch (Uber Goniatites und Clymenien in Schlesien, Pl. I. 

f. 12.), but the beaks are more rounded and more recurved, and the shell is more ventricose. 

Paffrath ; rare. 


Megalodon. 


The species of this genus, so numerous, and spread through the beds of Paffrath, are rare everywhere 
else. There is one at Sdtenich, and another ill-defined species has been found at Villmar; and lastly, at 
Newton and Bradley in Devonshire is found the M. eucullatus, Sow., Min. Con. Tab. DLXVIII., which 
is still much more abundant at Paffrath. 


Megalodon concentricus, nob., Tab. nost., XXXVI. f. 11, 11 a. 


Shell reniform, very depressed, covered with regular, but indistinct, concentric folds. Beaks subter- 
minal, very small, and recurved. Hinge of the left valve having one much flattened cardinal tooth, 
divided by a shallow groove. Beyond a second groove which limits this tooth begins a fold, the 
prolongation of a posterior lateral tooth, which is arcuated, very much elongated and equally divided 
by a groove, toward the middle of which there is a little pit. Upon the right valve the hinge 
presents but slightly different characters. A long narrow lateral tooth corresponds to the pit of the 
other valve. Anterior muscular impression very distinct, oblong, striated, and placed under the 
beak against the cardinal tooth. Posterior muscular impression unknown. Ligament subinternal. 
Length, 75 millim.; width, 55; thickness, 12. 
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We place this very rare shell in the genus Megalodon, not without hesitation. Its external strie# and 
its extremely depressed form would have separated it, if it had not appeared to us that in its hinge it eame 
nearer to this than to any other genus. 

Paffrath ; very rare. 


1. Cypricardia rhombea?, Phill. Geol. of Yorkshire, Part ii. Pl. V. f. 10. 

At Villmar we found an incomplete shell, which appears to be related to Cypricardia rhombea; but it 
is more curved, its keel is more elevated, and its beaks are more terminal. 

Villmar ; very rare. 


2. Cypricardia elongata, nob., Tab. nost., XXXVI. f. 14, 14a, 146. 

Shell transverse, very much elongated and very inequilateral, inflated in the middle and obliquely 
truncated posteriorly, where it is prolonged, forming a rounded angle. Beaks very much recurved 
and advancing forward over the anterior edge. A rounded keel, setting off from the beak, runs to- 
ward the lower posterior angle. The surface of the valves is covered with very fine, numerous, re- 
gular and close-set concentric striz, particularly about the beaks and the anterioredge. Length, § 
millim.; width, 21 ; thickness, 11. 

Although the sections of this shell which we have made have not enabled us to ascertain the details of 
the hinge with precision, what we have ascertained would not permit us to arrange it with the Megalo- 
dontes, the cardinal plate being very narrow and the tooth very indistinct. 

The Cypricardia elongata differs from the Isocardia Humboldtii and Sanguinolaria lamellosa (He- 
ninghaus, Goldf., Petref. Tab. CXL. f. 2. p.207) in being much more elongated, in its beaks being more 
terminal, and in its more distinct folds being also more regular. Young individuals come nearer in form, 
being shorter and comparatively wider than in the adult state; but they are less inflated than the J. Hum- 
boldtit, and their greatest width is in the region of the hinge, instead of being toward the posterior edge. 
As to the Sanguinolaria undata of Count Minster (Beitrige, Tab. XII. f. 27.), it might perhaps ap- 
pear to be still nearer to the C. elongata; nevertheless, that may be distinguished by the form of the 
upper edge, which, judging from the figure, is simple and rounded, and would be confounded with the 
posterior edge, while these two parts form a very distinct angle in the Cypricardia elongata. 

Villmar ; very rare. 


1. Cardium aliforme, Sow., Min. Con. Tab. DLII. f.2, var. elathrata, Goldf., Pl. CXLII. f. 1 g, Tab. 
nost., XXXVI. f. 7, ‘7a. 


We have again figured this shell, which is regarded by Goldfuss as a variety of C. aliforme, because 
the figure given by that author does not express well the two distinguishing characters, and which would 
have made us regard it as a species, if we had not known intermediate varieties, forming the passage 
from one to the other. The latter is characterized by two ribs rather stronger than the others, which 
gives a rectangular limit to the middle and flattened part of the valves. Between these may be seen 
three, four and even five less distinct, and the whole surface of the shell is covered with fine, close-set, 
very regular transverse lamellz, which, passing over the small ribs, form a very elegant decussation. 

Paffrath, Eifel. 


2. Cardium palmatum, Goldf. Petrefacta Germaniz, Pl. CXLIIL f. 7. Venericardia retrostriata, de Buch. 
Besides the type of the species figured in the fine work of Goldfuss, we point out the two following 
varieties which are found in the same localities :— 
Var. a. Shell more transverse than the preceding, beaks more recurved, ribs more salient and rounded. 
Var. 6, Less inequilateral, ribs flat and narrower than the grooves which separate them. 
These different varieties are very abundant in the ferruginous limestones of Oberscheld. C. palma- 
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fum is also found at Adorf in the Duchy of Nassau and in Westphalia, in the limestone of Schubelham- 
mer, in the Fichtelgebirge, and in New Holland. 

This shell had been long since called Venericardia retrostriata by De Buch; we know not why Gold- 
fuss should have given it another name without referring to it, and without explaining his motive. 


3. Cardium Lyellii, nob., Tab. nost., XXXVI. f. 8, 8a, 86. 


Sheil subtrigonal, elevated, very narrow at its summit, concave anteriorly, angular behind and fur- 
nished on each valve with a sharp-edged keel, which sets off from the beaks and runs down to the 
lower anterior angle. Beaks large, very much turned forward and contiguous. The anterior part of 
the valves is covered with oblique and sinuous strize of growth, and the posterior part is ornamented 
with nine or ten longitudinal ribs, separated by deep stria. Length, 9 millim.; thickness, 7. 
The concavity of the anterior part of this little shell, the size and the curvature of its beaks, the dis- 
position of its posterior ribs, and its general form, distinguish it neatly from C. mytiloides, C. gracile, 
and C. tripartitum of Minster (see Goldf. Petref. Tab. CXLIL figs. 5, 6, and 10), as well as from the C. 
decussatum and C. bicarinatum of Count Minster (Beitrige, Heft iii. Pl. XII. f.6 and 7). 

Villmar; rare. 


4. Cardium Villmarense, nob., Tab. nost., XXXVI. f. 9, 9a, 96. Var.a, f.10, 10 a. 

Shell cordiform, winged, subequilateral, inflated in the middle, prolonged by two appendages, one an- 
terior, broad and thick, the other posterior, short and spine-like. Beaks contiguous, from which set 
off radiating ribs, which are flattened, alternately salient and depressed, traversed by indistinct but 
regularly separated concentric striz. Both the ribs and the striz are continued, only more atte- 
nuated, over the appendages of the valves. Length, 8 millim.; thickness, 7. 

Var. a. fig. 10, 10 a. This lenticular variety is distinguished from the preceding, by its more circular, 

less ventricose form, and by its constantly much smaller stature. 

Villmar ; very rare. 


5. Cardium pectunculoides, nob., Tab. nost., XXXVI. f. 12, 12a. 
Shell equilateral, circular, moderately ventricose. Beaks small and nearly contiguous. Wide and 
slightly elevated concentric folds, which are pretty regular, cover nearly the whole of each valve, 
and become changed near the edges into rather lamellar and striated folds.) On both sides of the 


beaks near the upper edge are seen some longitudinal, sharp, pretty distinct folds. Hinge unknown. 
Oberscheld, Waldeck ; common. 


1. Lucina proavia, Goldf. Petrefacta Germaniz, Pl. CXLVI. f. 6. Tab. nost., XX XVII. f. 1, 1a. 

We have given a new representation of this species, so abundant in the ancient beds of the banks of 
the Rhine, because the shell figured by Goldfuss is either a variety or a young individual, which will be 
easily seen upon comparing the two figures. Length, 64 millim.; width, 64; thickness, 28. 

Eifel, Lustheide ; common. 


2. Lucina antiqua, Goldf., loc. cit., Pl. CXLVI. f. 7. 


A careful examination is requisite to avoid confounding this species with the LZ. gibberula of the lower 
tertiary beds. 


3. Lucina Dufrenoyi, nob., Tab. nost., XX XVII. f. 2, 2 a. 

Shell transverse, subquadrilateral, rounded, subequilateral, regularly ventricose, covered with concen- 
tric, unequal and pretty distinct lines of growth. Beaks small, contiguous, inclined forward. 
Corselet and lunule slightly apparent. Shell thin. Hinge unknown. Length, 40 millim.; width, 
53; thickness, 25. 

3c 2 
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The thinness of the shell, the form of the beaks, and the absence of a posterior fold, have induced us to 
place this fossil among the Zucine, until a knowledge of its hinge shall enable us positively to decide i 

We are obliged to M. Puzos for the opportunity of making known this very rare species. 

Sotenich. 


Sanguinolaria ? 
We refer to this genus a bivalve cast, which in form is related to S. pygmea, Goldf., Pl. CLIX. 
f.20. It is of the same size as S. striata, Minster (see Goldf., Pl. CLIX. f. 19.). 


Villmar; very rare. 
Pholadomya Munsteri, nob., Tab. nost., XX XVII. f. 3, 3a. 
Shell transverse, securiform, inequilateral, rather sharp-edged in front, inflated in the middle and very 


compressed and prolonged backward. Beaks rounded, inflated, curved, and contiguous. Concen- 
tric folds regular, very distinct, extending from the anterior part of the valves to the posterior de- 


pression, where they become attenuated, and disappear altogether far in front of the rostriform angle 
which terminates the shell. Upper edge concave from the beaks to the rostrum. Lower edge con- 
vex. Muscular impressions semilunar, very distinct near the beaks, and placed near the upper edge 
where the transverse folds terminate. Length, 37 millim.; width, 67 ; thickness, 30. 

This shell is nearly allied to the Lutraria prisca, Goldf., Pl. 153. f. 9. 

Bensberg, Eifel; rare. 


1. Solen pelagicus, Goldf. Petref. Germ., Pl. CLIX. f. 2. Tab. nost., XXXVII. f.5, 5a, 56. 

We have given a representation of the cast of a Solen, which appears to be related to the species 
figured under this name by Goldfuss. 

From Lustheide. 


2. Solen Lustheidii, nob., Tab. nost., XXXVII. f. 4, 4a, 40. 

This species, of which we only know the fragment of a cast, has appeared to us to differ from the 
preceding sufficiently to warrant us in distinguishing it by another name. 

Lustheide; rare. 


Ctenocrinus typus, Bronn, N. Jahrb., 1840, p. 542. Tab. nost., XX XVII. f. 7. 

We have also figured this remarkable Crinoidal fossil from the grauwacke of the duchy of Nassau, 
to show the pinnules or tentacles of the fingers, which could not have been visible on the specimen which 
Bronn has figured. 

At the foot of the Hausling near Arnsberg, and near Ems. 


+ Many of the true, Zuwcine have a posterior fold ; further, it is not by the hinge that we can decide 
a Lucina, but by the muscular impressions. (Remark by Mr. G. Sowerby, the Translator of the De- 
scriptions of the Fossils.) 


[For an account of some of the Silurian Fossils of the Rhenish Provinces see Mr. J. de Carle Sowerby’s 
description, Appendix posted, p. 408. ] 


Note to the Table commencing page 380. 


The capitals which follow the names of the places in the column “ Localities in Europe,” are intro- 
duced to distinguish the system which occurs at these points: e. g. Orthoceratites calamiteus. Wissen- 
bach, S., Chimay, Refrath, &c., D., signify that Wissenbach stands on the Silurian system; Chimay, &c. 
on the Devonian. The letter C. signifies Carboniferous System. Where the localities belong to one 
system no letter is given, the system being easily determined by referring to columns 4-8. 


Description of the Fossils in the older Deposits of the Rhenish Provinces. 377 


Tabular List of the Organic Remains of the Devonian System in Europe, 
together with the Species of the Silurian and Carboniferous Systems in the 
Rhenish. Provinces. 


The following abbreviations of authors’ names and works are employed in the Table. 


Ag. Agassiz, Recherches sur les Poissons Fossiles ; 2d. in the Silurian Syst. by R. I. Murchison.— 
Be. Beck (collection).—Beyr. Beyrich, Rheinische Uberg. Verstein. Goniatites ; id. Verst. Rhein. Ver- 
steinerungen des Rhein. Ubergangs-Gebirges.—de Bl. de Blainville, Man. de Malacologie ; 7d. Man. 
d Actinologie—Blum. Blumenbach, Arch. Telluris— Sock. Verhandl. des Vaterland. Museums in 
Bohmen, 3 Heft, 1825, und v. j. 1833.—Bose. Bose. Conchyl.— Bra. Braun. Jahrb. fiir Min. 1838.— 
Brong. Alexandre Brongniart, Hist. Nat. Crust. Fos—Bronn, Lethea Geognostica ; id. Jah. fiir Min. 
Jahrbuch fiir Mineralogie, Geognosie, &c.; 7d. Tasch. Taschenbuch, &c.—de B. de Buch, Uber Am- 
moniten und Goniatiten; id. Uber Terebrateln. Transl. Mém. Soc. Géol. France, t. iii. ; id. Uber 
Delthyris oder Spirifer und Orthis, Transl. Mém. Soc. Géol. France, t. iv. ; id. Ub. Gon. und Clym. Schl. 
Uber Goniatiten und Clymenien in Schlesien ; id. Beitr. Geb. Rus. Beitrage zur Bestim. der Gebirge. in 
Russland.— Conr. Conrad, States Report, New York, 1840.—Dalm. Dalman, Uber die Paliaden, &e. ; 
id. Terebratuliter, &e.—Defr. Defrance, Dict. Sc. Nat— hr. Ehrenberg. Berl. Trans.—Lichw. Eich- 
wald, Zoologia Specialis and Silurische System in Esthland— Hmm. Emmerich, De Trilobitis Disser- 
tatio Inaug.—Fsch. Fischer de Waldheim, Orye. Gouvern. Moscou.—Fer. de Férussac. Monog. Cephal. 
—Flem. Fleming, Hist. Brit. Anim.—Gmel. Gmelin, Edit. Syst. Nat.— Gold. Goldfuss, Petrefacta 
Germanie ; id. Dech. translation Geol. Man. of De la Beche by Dechen; id. Nov. Act. Acad. Nova 
Acta Academie Ces. Leop. Cur. Nat. t. xix.; id. Bonn Mus. in Museum of Bonn.—G're. Green, Monag. 
Trilob. N. Amer.—H. v. Mey. Hermann von Meyer, Nov. Act. Acad. Ces. Leop. Nat. Cur. t.xv.— Hen. 
Heeninghaus in Geol. Man. by De la Beche (French translation), also Verst. Sammlung, H. iii— His. 
Hisinger, Lethzea Suecica.—Hiip. de Hiipsch, Natur. Nieder Deutschil., also Obser. sur la Phys. t. iii.— 
Kn. Knorr, Recueil des Monum.—Kon. Konig, Icon. Fos. Sect—de Kon. de Koninck, tabular list 
(manuscript).—De la B. De la Beche, Geol. Man. (French translation)—Zam. de Lamarck, Hist. 
Anim. sans Vert.—Zamour. Lamouroux. Exp. Method.—Lev. Leveillé, Mém. Soc. Géol. France, t. ii— 
Lin, Linneus, Syst. Nat. Edit. Gmelin—JZonsd. Sil. Syst. in Murchison’s Silurian Syst.; id. Dev. 
Syst. On the Struct. of Devon by Sedgwick and Murchison.—Mar¢t. Martin. Pet. Derbin.— Mil. 
Miller, Nat. Hist. Crin— Mil. Ed. Milne Edwards, 2nd edit. of Lamarck.—/Min. C. Mineral Concho- 
logy by J. Sowerby.—Montf. Denis de Montfort. Conchylogie——de Miinst. Abh. 1832, Abhandlung 
tiber Planuliten und Goniatiten, 1832; id. Beitr. H. 1, 1839, Beitrage zur Petrefactenkunde, Heft i. 
1839 ; id. Beitr. H. iii. 1840, Beitr. Petref. Heft iii. 1840.—Murch. Murchison in the Silurian Syst. ; 
id. Bul. de la Soc. Géol. Bulletin de la Société Géologique de France, t. xi—d’ Orb. Alc. d’Orbigny, 
Monogr. des Céphalopodes.—Pand. Pander, Beit. z. Geog. Rus. Reiches.—Pent. Pentland, Geol. Trans. 
2nd Series, vol. iii— Phill. Phillips, Geology of Yorkshire, Part 2.; id. Pal. Fos. Figures and Descrip- 
tions of the Paleozoic Fossils, &c.—Quenst. Quenstedt on Trilobites, Wiegmann’s Archiv. iii. H. 1.— 
Raf. Rafinesque.—Schlot. Schlotheim, Petrefactenk. und Wis. 1827.—Schrot. Schroter, Einleit. Gesch. 
Verst.— Sow. Sil. Syst: J. de C. Sowerby in the Silurian Syst. by Murchison} id. Geol. Trans. vol. v. 
On the Physical Structure of Devon by Sedgwick and Murchison G. Sow. George Sowerby in this 
memoir.—Stein. Steininger, Bemerkungen iiber, &c. 1831, Mém. de la Soc. Géol. de France, t. i.; id. 
Bull. Géol. Soc. France, t. viii. ix.— Val. Valenciennes, Geol. Trans. 2nd Series, vol. iiii— Vern. de 
Verneuil, Bull. Soc. Géol. France, t. xi— Wahl. Wahlenberg, Petrificata Telluris Suecanee, Nov. Act. 
Reg. Soe. Se. Upsal. t: viii. 


N.B.—The species’, systems’, or localities’ names followed by the sign ? are considered doubtful. 
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As some of the localities introduced into the following Table may not be familiar to every reader, it has been thought advisable to 
prepare an alphabetical list of them, accompanied by such general directions as will enable the locality to be easily found. (Ed.) 


Abenththaeur ...... PAGUBBIO A coke desedacessss Hiindsruck, Lower Rhine. 

Abergavenny ....../England. .......-..ssesse0 Monmouthshire. 

J AGQITE Soacnoccoseeese Principality of Waldeck.|/S.S.W. of Stadtberg. 

PASEL tcc awacanscocsen FUUSSIBA stab = cases. abe omnes Government of Livonia. 

Aggerthal ......... Prussian Westphalia ...|N.E. of Bonn. 

ANG Yc. ccacacteossy RABSIAL sos 00d 2dr 254. Sa Gulf of Bothnia. 

Altenahr .........%° IAIMISSIAs nenasebssdadoncanes Lower Rhine. 

LATA Soeenoscaecase BGlS1UM) secs ccarecccwce=ee 4 leagues S.W. of Liége. 

IANGETS . 2.00. decess Hrancessssssitsevseese. cae Depart.of Maineand Loire. 

Ashburton ......... Bngland) ..:..icsecsesaee-. Devonshire. 

Aymestry............ England! --..cecsr=-2-<--=- Herefordshire. 

Arnsberg .........++. Prussian Westphalia....)On the Rhur. 

Auberlahnstein ...)| Duchy of Hesse ......... Near Mayence. 

Babbacombe ...... ING IBNG vw eeocece=-<1-36-- S. Devonshire. 

Baggy Point ......|England .........seeseeees N.W. of Devonshire. 

Baile. .seccecsenen Se PSTANCE Jats ./sncvannnaads > Brittany. 

Barnstaple ......-.- BP land eaccscesece<e>see Devonshire. 

BANCON seenasn sea cers England ...... cosagabydpor S. Devonshire. 

Bellignies  ...+..+ PLAN CE secs scweevaseseseess Depart. du Nord. 

Bensberg .....++.+... Prussian Westphalia ...|Rhine, opposite Cologne. 

Berendorf ......... PIUSSIA | eescrsenentesseoce District of the Eifel. 

Beringhausen ...... Prussian Westphalia ...|S. W. of Stadtberg. 

Berry Pomeroy.....|England ........sesseee0es S. Devonshire. 

Blankenheim ...... PRE “eicenacncasaaedate District of the Eifel. 

Bolland! -2<..<sseess IDesfol ChaGh Peonerceenararrne ae West Riding, Yorkshire. 

Bradley .........+.. Bin GIANG Wecendicenses=anns: Devonshire. 

Borenshult ......... SWCHEM (aeaessiescesesieccas East Gottland. 

Braubach............ Duchy of Nassau ...... South of the Lahn’smouth. 

Bredlar  ......0+se Prussian Westphalia....|Between Brilon and Stadt- 
berg. 

STHOM: coc sccsshicaties Prussian Westphalia ...!70 miles E.N.E.of Cologne. 

Brushford ........ England ......00. Bascehiess North of Devonshire. 

PBUTEPTasceeasracceccs INS) ©) Gosoapoadasuandeaudns South shore of Lake Ilmen. 

BUXtON) © 2....cseses0 Bngland 6....vsscacders nee Derbyshire. 

Cannington Park...|England ........sssseseres N. Devonshire. 

Caithness ......... Scotland ......... Sascodioar Eastern Coast. 

Chaudfontaine ...|Belgium .........sceeeeees 2 leagues S.S.E. of Liége. 

Chircombe Bridge |England ...............-+ S. Devonshire. 

Choquier (Chokier)|Belgium ..........+2+2+00. Province of Liége. 

Chudleigh ......... England <2. .1.02/20i22... S. Devonshire. 

Coalbrook Dale ...|England ............+s0++- Shropshire. 

Cornden ............ PIMIANG are raeeensnsnsee Near Shelve, Shropshire. 

AP ONIVIN se nec cee saeeres Belgium ...cccccecccceees Province of Namur. 

Combe Martin .../England ........ssceeeeees N. Devonshire. 

Gholi letesacencen osaoa0C Lael emis Us ragsosonanceneen S. Devon., near Ashburton. 

Croyde Bay......... 1Dpuhea| hh) (ale oacobeceoaaonenode N. Devonshire. 

Cronenburg......... PUUSBIAY <.604s 4. ose. ees s- District of the Eifel. 

EDNATOVAl ess cceossss s/ MUSH csnacsesnrpecsacns<n4 Banks of the Dwina. 

Dago Island ...... BISthOnta <<. ccoseacseece=s: Entrance Guif of Finland. 

Darlington ......... England ,..ccce«e cbacsona S. Devonshire. 

DAWN (Scccaseccsesces|ETUSSIA conscsnesvessocos. Duchy of the Lower Rhine. 

WDICLZ ised spcsennaens Duchy of Nassau ...... Left bank of Lahn. ° 

DEIDUTY: ose. -0resas- England ........00sss00e0 Shropshire. 

Dinas Cove ......... Binglanteesncessces esse snc Cornwall. 

Dollendorf ......... PRUSSIA). cccoscecte nectar District of the Eifel. 

Dombrowa ......... Russian Poland ......... 22 miles W. of Grodno. 

DDOUCEZ ans cecsisccssess Russia in Europe ...... Govern. Ekaterinoslav. 

Drolshagen ......++. Westphalia ............+6 EK. of Cologne. 

WOT DAt cacsereaseeens- EURB SIA seeldecesceet « otido eee Livonia. 

Wn dley ccesscereessea- Brig land wocseocsecen<cscnne Worcestershire. 

Diirrewald ......... AN ATIA wsacc-douvres cer Near Geroldsgriin. 

Ebersdorf.......+++«. CON GEES a0 oer COGee EECR EEE Co. of Glatz. 

Ehrenbreitstein ...,|Nassau ......seeeeeeeree Rhine, opposite Coblentz. 

MND ACH ie coscsseseesper Duchy of Nassau ...... Near Dillenburg. 

Hifel...sscecsccovcoses isuelll> Ene eeper rece eres Lower Rhine. 

Elberfeldt ......... Westphalian Prussia .../18 miles E. of Dusseldorf. 

Elbersreuth ......... BAVARIA ecasteeararenn ci Between Gerolsgriin and 
Presseck. 

EMS ..ccccesevcecseess Duchy of Nassau ...... Near mouth of the Lahn. 

COGS ek catodaomacrenos Prussian Westphalia ...|16milesN.N.E.Dusseldorf. 


Falckenberg ...+ Silesia te.c.cascneseaceeners Foot of the Eulengebirge. 
HES) ppaoosoaqaudsoo Bretagne ...eccsesseeeeeeee| North of Brest. 
Fedotova .........--- IRIS, coaposacnasonsuaondo: Government of Archangel. 
Felindre ....++.++0s- Hin andi ceestesecbanse ers Near Knighton, Radnorsh. 
Ferques ....-..-.+.. Bran acsectesscs esececasas Near Boulogne. 
Feugeurolles ...... France aitaseastess ts owiae Near Caen. 
Mlorence.@ourt.. ..-|lnelandseccccsccsccssornannc C. Fermanagh, nr. Ennis- 
killen. 
FOWCY «..scecscensens Hing landh aeeriaase «ses ...|Cornwall. 
Frankenberg ...... Hesse Cassel .ssccsccecee On the Eder, S. W. Cassel. 
Fresh Water, East.|England ......... Batecort, Pembrokeshire. 
Gamirietitk cerndecnte Scotland ......... eabhates County of Banff. 
Geigen\. son... ue= Bavallauieersssemenscecacrs Near Hof. 
(Gerlaststsec rons Banalidewecsccconcossess eet Near Geroldseriin. 
Gattendorf ......... AVAL a lasdeaceas belies - oa Near Hof. 
Gerolstein ......... Prussia ...... seseeseseees|District of the Rifel. 
Geroldsgriin ...... IBERENIEY \gadsasatodsioode: To the W. of Hof. 
Geiser <0 teeses bocna IBAVOLIA Ul. .codeseeces odnce Near Hof. 
Geslargincsnstdectecs Hanover ...... seoscsecesee| Lhe Hartz 
Gladbach........... IBnUSSlatiens. waaceshecascece Pro.Juliers,nearMiillheim. 
Golzines ............ BelGiuma ys. \wevinesovestres Province of Namur, 
Greifenstein ...... Duchy of Nassau ...... S. of Dillenburg. 
Groningen ......... lel@lienagl Assrrpasoncasneee Northern Province. 
Grondtis- scenes Hanover .........0008 .....|West of the Hartz. 
Grunenwald ...... Bitissidghsx the cdcc ore cis District of the Moselle. 
Gimborn ...... Seeees | MVCStD Halla vacencescseser S.E. of Wipperfurth. 
Flall Seeceneoeacctecers LB herria Sonoma suc sodoode Province of Limbourg. 
Hardrowes..ssseercss England, .4...dvastdeocsas. Yorkshire. ' 
1E eyes Re eeonercesace Prussian Westphalia ...|East of Dusseldorf. 
Halberton ......... Brio land scent sssessenece Devonshire. 
Hausling?. 4%.2200- Duchy of Nassau ......|Hill, near Arnsberg. 
Heissenstein ...... Westphalia .........ss000. Kreise of Siegen. 
Hagginton, West../England ............ss000 N. Devonshire. 
Heisterstein......... (DISS) ape wa suila das eles des District of the Eifel. 
Horeb Chapel...... Hnglandiss .cavaesesaxecneos Brecknockshire. 
Herborn ........-... IBDUSSIas ccrneenease +ee...|Duchy of Nassau. 
Hillsborough ...... England is. .cwacceserevesss N. Devonshire. 
Hoffnung...........- Westphalia ........ enroc On the Ruhr. 
Hlorderley,/..-..-+- Bngland ...cccscsscsncese Shropshire. 
THOftvestcnsassecceedce' Bavaliaelecy.ccenecwe= «ood 22 miles N.N.E. Bayreuth. 
Houffalize .........|Belgium ........seseecseee 103 leag. N.E. of Luxem- 
bourg. 
ELOPC ew saeteh ess od? England ....+..++00 Sedu S. Devon., near Torquay. 
Hiibigenstein ...... FTANOVER) ...osccasseconoee The Hartz, near Clausthal. 
Hundsruck ......... [BIRVISET onoenncandcoseeecca Lower Rhine. 
FUL ss oneeee SeasubOOs0 Belgium .........s+0000+.-/63 leagues S.W. of Liége. 
Ilfracombe ......... Bnplandacssascesessenacier N. of Devonshire. 
Wserlobnyessg.<e—s-< Prussian Westphalia .../41 miles EK. of Dusseldorf. 
Isle of Arran ...... Scotland ........ Ri ctoaeees West Coast. ‘ 
ISbovsKkiuss-eaeso sess INWSSIAyeceeseeuerpaenmce-m en Government of Pskof. 
LAS papbosotaesocandns INIAIRVED GanocnSacoace anos ...|Department d’Ile et Vi- 
laine, near Vitre. 
Keldenich ........ IPrUSSiaigee. daesmebwasieeses 3 Lower Rhine, in the Eifel. 
Kemmenat ......... Duchy of Nassau ...... Near Ems. 
Kendal oe srccsssewor Bingland <..2.....c.ccccees Westmoreland. 
Kerliver) <toseseueces BLANCO dascnasees reuse att 14 miles E. by S. of Brest. 
Kosorr-Branitz .,.|Bohemia ........esssese0 Banks of the Moldau. 
Kirkby-Lonsdale...|England ..........-sssss0« Westmoreland. 
Kulkeagh.........0+. [rela esse ature scasepeee County of Fermanagh. 
Lahn River......... BiSSi8) s-.ccnssvessescess Duchy of Nassau. 
Lake Ilmen......... European Russia ...... Government of Novgorod. 
Lahnstein ......... Duchy of Nassau ...... Mouth of the Lahn. 
Landerskron ...... rUssitiieisepisccan.ossccoset Near Siegen. 
Landlake ............ Bn gland ecsecvscocnesasesc S. Devonshire. 
Langenaubach...... Nassau -ccccesece Baneeeee Near Dillenburg. 
Lattunaudiére ......|Framce...... 2+ eeseeeeeees Dep. Loire Inf., nr. Nantes. 
TLGATY) cecccnesctiseose|MNElANG cocscssasocenesers S. Devonshire. 
Lew-Trenchard ...|England ........e-ssscsees S. Devonshire. 
Lethmate.......0....|Westphalia ........s+0+++ On the Lenne. 
MANLOM Gee acesases veoofEngland cosccccersvssceces N. of Devonshire. 


| Limbourg 
Lindlar 
| Llandovery 
| Longueville......... 
| Long-Hope......... 
| Ludlow 


eeeeerees 
eoeseevcvese 


secesceee 


! 'Marwood....... Pree 


ecceee 


‘Mettman 


wecevecccoes 


Newton Bushell... 
‘Niederosbach ...... 


ae 
Runderoth 
BRIS secssacenecess. 
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England 


England ....... coc 


eeecose 


oeeese 


eeeseee 


Duchy of Luxembourg . 


Prussian Westphalia .. 


Prussian Westphalia .. 


Sweden 


SA LR ...,Left bank of Lahn. 
...|Province of Namur. 


eevee eseccees 
wees sascens 
eee ecceres 


ecerccccece 


Prussian Westphalia .. 


BTaNGe evieeseceesesee 


erences 


Province of Liége. 

N.E. of Cologne. 

Caermarthenshire. 

On the river Onny. 

Gloucestershire. 

Shropshire. 

97 miles S. of St. Peters- 
burg. 

Near Cologne. 

N. of Devonshire. 

Near Caen. 

On the Moselle. 


.|Principality of Waldeck, 


near Stadtberg. 


.|N.E. of Cologne. 


18 m. E.S.E. Copenhagen. 
On the Ruhr. 

E. of Dusseldorf. 

S.E. of Devonshire. 

Dep. of the Aisne. 
Devonshire. 

Yorkshire. 

S. Devonshire. 

Near Hausdorf. 


Somersetshire. 
Government of Moscow. 


Normandy, la Manche. 
S. Devonshire. 

Mouth of the Lahn. 

In the Eifel. 

Near Dillenburg. 

Near Clausthal. 

S. of Devonshire. 

..|E. of Cologne. 

4 leagues H.S.E. of Liége. 
Shropshire. 
Northumberland. 
Cornwall. 


...[N.E. of Cologne. 


District of Eifel. 

Valdai Mountains. 

N. Devonshire. 

78 miles E. by 8. of Arch- 
angel. 

Cornwall. 

Government of Lithuania. 


.|Government of Moscow. 


near Welchpool. 

Near the Volkof. 

S. W. of Hof. 

District of the Eifel. 

224 miles 8.S.W. of St. 
Petersburg. 

Radnorshire. 

The Hartz, near Goslar. 

...N.E. of Dusseldorf. 

Government of Moscow. 

Near Hof. 

..|E. of Cologne. 

Gulfof Finland (Esthonia). 

Lower Rhine, in the Eifel. 

Near Namur. 

Dep. Ardennes. ’ 


.|East of Cologne. 
Dep. of the Sarthe. 
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Sapey ..... noooagnsos Bingland) sexescsacesssces es Worcestershire. 

SEIU LAK) SM onpenopoeresy: Emel amdss econ. con essen N. of Devonshire. 

Scarletty gi cesscsess nga ence ceceneeunare Isle of Man. 

Schidilofka......... FSGSSia sep epsnsch cosets ».--.|Government of Novgorod 
(Lake Ilmen). 

Schwarzenbach ...|Bavaria ........... sens Fichtelgebirge, near Hof. 

Schwelm ..... Benoni Westphalia .........0. ....{E. of Dusseldorf. 

Schtibelhammer ...|Bavaria .........s0es0.00. Near Elbersreuth. 

Settler ieasveinmnens Baiplandis.cseesccsssraeaet West Riding, Yorkshire. 

Serebrianka......... W. flanks of Ural ...... Tributary of the Tchussa- 
vaya. 

Serpoukhof ......... Russia in Europe ...... 93 venati S. of Moscow. 

Sehielke enstacescors Westphallialsccsscsseeesees N.E. by E. of Dusseldorf. 

Sharkham ......... Binelandsycrenserteseceeces S. Devonshire. 

SIGE pan gonsan a2 Prussian Westphalia .../S.S.E. of Cologne. 

Solingen ............ Prussian Westphalia .../20 miles E. of Cologne. 

Sofemichw.. vessssaaes PRUSSIA cesectcnesesdoateu Lower Rhine, banks of the 
Lahn. 

Siebengebirge ...... PEUSSIQgysg «pacaeesassp bee Lower Rhine, near Bonn. 

Steinlacke ......... INESISE ID de beredaaceanaeeee Near Weilburg, on the 
Lahn. 

Btolbergiteneres see ec IBSUSSIAW «passes ese .-..-.|Lower Rhine, 3 miles 
8.S.W. of Eschweila. 

Stolobinskoi ...... Russia ......... GanpreeCecae Valdai Hills. 

St. Sauveur le vi-|/France............scessce0 Depart. de la Manche, 

comte. 

Sunnbridge......... Bp landaeasaeaievetds-ceen N. Devonshire. 

NU bach eews as tect ELAM OVER accasnesascaccsce The Hartz. 

Mauiisasecosstet ese IN@SSAW \eedaee aneaenes seo Between the Lahn and 
Mayne. 

Uichudovonwnecco.s: INTIS), 6.5) pe nnaconRaeanen 80 miles S. of Petersburg. 

ial Vinil erence oes Scotland yecscsese poBooaCie Caithness. 

Mintageliys. .tvedsccs Enplamd geescacsncsessscse Cornwall. 

WMorquaysyss a. seers Emglamdiy st. staer-rielee see Devonshire. 

DOU yieete ates Biel pininy fs saigs-as seer el eta Province of Hainault. 

Wruseoteyeces. teense Hime land ie cc.aceseelclsiens S. Devonshire. 

Valdai Mountains.|Russia in Europe ....../Between Moscow and 
Smolensk. 

Verela ..... Sonteirsee Russia ..... mee ge ecsesass Government of Moscow. 

Merviersivs.cep<ssceee IBclemUIe fe caenecesecaces 15 miles S. by S. of Liége. 

Wailnay tivo eescceocce EUUSS1a|accasucads ae ssacaos Government of Lithuania. 

Wollman ccsacres: Duchy of Nassau ...... Left bank of the Lahn. 

VISE s2sce.sesstborease Relewumipeears she. cesas'e se Province of Liége. 


MeN ceineneerececee England ...... scqusnediced 
Witeariatweanneeceee IRAVISISIE) aorceienon Seestactise 
Vio KOS cemense-ceee cer ISVTRISTEY seroncapneqanosoncadd 
Winkel: .2tee75..Gesee Right banks of the Rhine 
Viorone|Gere-+-s sconce IRUSSI aS clatseecteiss sine a's e's <a 
Watersmeet......... [ivanell Sor ereoeosccornoar 
Wreenlock:22.-5 cuood|| Ball ccnsoreancapdoose 
Welshpool) eset sec WVales ms cpircatecemesec sane 
Westerwald......... Duchy of Nassau ...... 
Westleigh ......... Pela, .cyic.ick-<soseeues 
Werden. tere ....222%, Westphalia ......+-+s00-+- 
Wietzlariereanssc- Duchy of Nassau ...... 
Whitesand Bay ...|England ..............+00 
Whitbach ......... England .....cccesesesesees 
Whitewell ......... Bingland) ie sce. dataset 
WWWtLEZ/ (Sant cee 38 oe Belgium ...ccccseecceceess 
Wipperfurth ...... Westphalia ......cs0s-+0-- 
Wissenbach......... Duchy of Nassau ...... 
Woodabay ......... England (.2cos---e sp0dca 
Yealm Bridge...... Bmgland) sper ecstis- eames 
Yealmpton ......... Bingen digemer «nse eacseete 
LIBR AIBIE: hovel onlde ss Russia in Europe ...... 


..|European Russia . 


-.| Near the N. Ural. 


N. Devonshire. 

S. side of Lake Onega. 

Tributary of Lake Ladoga, 
Govern. of Novgorod. 

Westphalia. 

Chieftown of Government. 

N. of Devonshire. 

Shropshire. 

Montgomeryshire. 

N. of the Lahn. 

N. of Devonshire. 

On the Ruhr. 

On the Lahn. 

S. Devonshire. 

Shropshire, near Ludlow. 

West Riding of Yorkshire. 

Duchy Luxembourg. 

S.W. of Dusseldorf. 

N.W. of Wetzlar. 

N. Devonshire. 

S. Devonshire. 

S. Devonshire. 


Government of Riazan. 
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Note.—We are indebted to the kindness of Sir Philip Grey Egerton for this list of the Devonian fishes, which, including some species named 
by Agassiz, in the splendid collection of that distinguished geologist, and not yet published, is necessarily more complete than the one 
It is the best for the present time, though it does not perhaps contain all the species named by Agassiz in his last 
visit to Scotland, Sir Philip Grey Egerton not having had the opportunity of examining the Scotch collections since that time. 


No. of Species. 


2.|— minor 


3.|— Murchisoni ........ 
1. |Cheirolepis Cummin-|i 
gie. 
2o|—sDiraillit ccs canoes + 
Su|— ULALUS@sccccocesdsss 
1. |Coccosteus cuspidatus 
De ——WatUSeerrecsstrslee awe 
3.|— oblongus............ 
ADs Boll esawsevecvo sees 
5.|— (species not yet 
determined) 
1. |Dendrodus biporcatus 
2. |— COMPFeSSUS......+0. 
3.|— sigmoideus......... 
4.|— strigatus ........... 
5.|— new species ...... 
1.|Diplacanthus crassi- 
spinus. 
2.|— longispinus ........ 


3.|— striatulus 


_|— Lyellii 
.|— rostratus 
. |Cheiracanthus micro-|i 


we had prepared. 


GENERA AND 


SPECIES. 


PISCES. 
PLacoip ORDER. 


./|Ctenacanthus ornatus 


.|Ptychacanthus, n. s. 


Ganorp OrpDER. 


.|Cephalaspis Lewisii.. 


ry 
ee meee eeeses 


lepidotus. 


1.|Diplopterus borealis.. 
2.|— macrocephalus..... 
3. |— AgassiZi ....+0...00. 
1.|Dipterus macrolepi- 
dotus. 
1.|Glyptolepis leptopte- 
rus. 
2-4.|Three species ......... 
1.|Holoptychus nobilis- 
simus. 
2.|— Omaliusii .......... 
3.\|— ANGE javencsneesesn-- 
1. |Acanthodes ............ 
1. |Osteolepis arenaceus . 
2.|— macrolepidotus ... 
Bo \—MAJOFL. sovsescesvesiees 
4.|— microlepidotus..... 
1./Platygnathus pauci- 
dens. 


wid. ib. vol. ii. p. 1485 id. i 


AutTHOoRS AND REFERENCES. 


The numerals refer to Species described and figured in 
this Memoir. 


Sil. Sp. in Rhen. 
Prov. 


| Dev. & Sil. Sp. 


Agass. Poiss. Foss. vol. iii. p. 12; Murch.|..-+-.]... 


Peewee eeeeenererrecsseeslseererieee 


Murch. Sil. Syst. p. 597. ...cccosesseeveeeeeeeees 


seeeeelene 


Agass. Poiss. Foss. vol. 
Sil. Syst. 

. ib. vol. ii. p. 150; id. i 
. ib. vol. ii. p. 142; id. i 


ii. p. 149; Murch. 


wocccneoal(sereerles 


seeeeelene 


HMIanUSCript) Siseccrcecnscvsccess e's Svatedeskswess|s*7 000 


. Poiss. Foss. vol. ii. p. 127. ...sccececceseeees sbaf |e 
sdlos Well vie job, TAS ace scaca uOue a Seu COB See eo ana 
. Manuscript 


Pee e weer eee rene eseeseeseseesecssser/sereesl ene 


weeeeceesene|sereeeieee 


. Poiss. Foss. vol. ii. p. 130....04 

Leu ERVOL Ml PNW SWeeecncuenssocrsecesnsnetensene|eceres oe 

Miller’s Old Red Sandstone, Plate III. ......}...... sea 

Trans. R. S. Edinburgh, vol. xv. p. 90; Mil-|...... ies 
ler, p. 57. 

Agass. Manuscript, Miller’s Old Red Sand- 
stone, p. 57. 

Miller’s Old Red Sandstone, p. 57....-.-.02-+. 


weewesle 


TO rTCCCr eT Terre reer rere reer re reeeerrrerrerr errr rrr reer rs ee oe 


Owen, Microscopic Journal, vol. i. No. 1. p. 4. 
id. ib. vol. i. No. 2. p. 17. 


seeeeclece 
Cee eweerecceresessceslsseeseleee 
seeeweleee 
See 


OUP reeeer Crete errr er ee erreerrrrrrr iri irre eee eee eee 


Agass., Trans. R. S. Edinb. vol. xv. p. 90; 
Diplocanthus crassispinus, Traill. 

id. Manuscript 

id. ib 


Pete eee eee eee eee eee eeeeeeserersaeelses Oe 


POR e meee em ee eee ee Oe HER aT H Heese sessseresseuslsseaealeee 


seeeerlere 


Diplopterus Agassizi, Traill. 
TQ eMU Meer em eee meretesat concn s<caetubanrsesescesees 
Traill, Trans. R.S. Edinb. vol. xv. p. 89 
Valenciennes, Agass. Poiss. Foss. vol. ii. p. 
115; Murch. Sil. Syst. 
Agass. Manuscript, Miller’s Old Red Sand- 
stone, p. 82. 
Miller’s Old Red Sandstone, p. 82. ......+++++. Penss|ess 
Murch. Sil. Syst. p. 599; Miller, p. 162; 
Gyrolepis giganteus, Agass. 


eeeweslees 
eeewweleee 


eeeewelee 


(Agass. ined.)..+....ne0e seaesecaeseseeceensvonsscecs 
Phil. pal. fos. 57h. 256,257 ccceccassecsorcece|oesMe|+ee 
Miller 
Agass. Poiss. Foss. vol. il. p. 122. .ssscerssecs|escers see 
Val. and Pentl.; id. ib. vol. ii. p. 119. 
Agass. Manuscript...... Manse eee tae diane tee gs) sscor's za 
Val. and Pentl.; Agass. Poiss. Foss. vol. ii. 
. 121. 
ihe! Manuscript; Trans. R. S. Edinb. vol.|. 


sewewelere 


Peer Pere Ce CrCeerrrrrrr err errr rere 


| Devonian Sp. 


* * * * 


* *% *& % *& ¥ 


xv. p. 90. 


| Dev.&Carb. Sp. 
Carb. Sp. 


eeelece 


wet 
..|Courland, Livonia, Eifel. 


gee|saeilOs 
..|Livonia, Russia, 


eoeleee 


Localities in Europe. Elsewhere, 


.-|Worcestershire. 


..|..-/ Herefordshire, &c. 
Menlewctis 
maleeallbe 


-.{ib. 


ib. 

..|Forfarshire, Herefordshire. 
..-|Herefordshire, &c. 
...|Morayshire, Lethen Bar. 


-.|Orkney. 
...|---(Gamrie, Banffshire. 
..|...|Morayshire, Lethen Bar. 


---|Orkney. 
.|...|Gamrie, Banffshire. 


Rosshire and Cromarty. 
Rosshire, Cromarty, Orkney. 


..|Morayshire, Lethen Bar. 


.|...|Scatt’s Craig, near Elgin. 
se|aseltD. 


. 3 Orkney. 
ee Morayshire, Lethen Bar. 


Seleectlb 


36 Orkney. 

.|...|Morayshire, Lethen Bar. 
.../[Pomona (Orkney). 
..|Caithness, Herefordshire. 
..|Morayshire, Lethen Bar. 


..|Cromarty. 
..|Perthshire, Scatt’s Craig, Morayshire,|Blossburg, . 


Lake Ilmen, Vitegra, Valdai, Livo-| county of 
nia, Courland, Voroneje. Tiogo in 
Belgium. Pennsylva- 
Devonshire. nia; Gen- 
Scotland. nessee river ; 
Gamrie, Banffshire. Allghang in 
Orkney, Caithness. New York. 


...|Morayshire, Lethen Bar. 
jOrkney, Caithness. 


.+.|..-/Orkney. 


Description of the Fossils in the older Deposits of the Rhenish Provinces. 


AUTHORS AND REFERENCES. 


The numerals refer to Species described and figured in 
this Memoir. 


GENERA AND 
SPECIES. 


Sil. Sp.in Rhen, 


7 
| No. of Species. 


1.|Pterichthys cornutus./Agass. Manuscript 

INg ass ViamUSe Mp tusitetedadscerslasessecieassone css 

Agass., Miller, Report Brit. Assoc., 1840, p. 
99. 

Agass. Manuscript 

Miller’s Old Red Sandstone, p. 51. .......+.++- 

Il 10s. aéscinpgppannoadceseoudodogounouoLnUissoeuoocLecds 


1.|Calymene articulata..|Miinst. Beitr, 1840. 5. f. 7. . cccsscssssneceesees|ereerefer 


Brong. 1. f. 2; Murch. Sil. Syst. 7. f. 5-7; 
Dalm. 1. f. 3; Buckl. Bridgew. Treat. 46. 
f. 1-3; His: 1. f 3.4. 

Dalm. 1. f. 5; His. 1. f. 10. (Proteus Cuvieri, 
Stein. 21. f. 6.) 


2.|— Blumenbachii 


Min. 1833. p. 483; N. Acta Ces. 1831. 
Miunst. Beitr. 1840. 5. f.3; Phil. pal. fos. 56.|- 
f. 248; Sow. Geol. Trans. t. v. 54. f.23, 24. 


Mitinst) Beitr: US40s 5. f. 2. sccscsscconvescestevaleesees tee 


SSCOPCCBERS .---|Miinst. Beitr. 1840. 5. f. 4; Phil. pal. fos. 55. 
f. 250; Sow. Geol. Trans. vol. v. 53. f. 
7 12-15. 

.|— macrophthalma—|Br. 1. f. 4, 5; Murch. Sil. Syst. 14. f. 2; C. 
bufo, Green, Monog. Tril. N. Amer.; Pha- 
cops macrophthalmus, Emmerich, de Trilo- 
bitis Dissertatio Inauguralis ; Cal. Schlot- 
heimi, Bronn, Jahr. fiir Min. 1825; Stein. 
p- 352=C. Brongniartii, Stein. 21. f. 4. 

Mist. loc. cit. 5. f. 6, an C. Sternbergii?... 

Bock. verh. der vat. museum, H. 3. 1829. t. 1. 
f. 5; Munst. loc. cit. 5. f.5; Phil. pal. 
fos. 56. f. 247. 

id. 5. f. 1. an C. variolaris? Brong....sc.eseere 

Brong. 1. f. 2. 


.|— propinqua 
.|— Sternbergii 


. |— subvariciaris 
.|— Tristani 


Pere veessenoesseseerere eeeeecseesess 


-|Homalonotus Her-/Murch. Sil. Syst. 7 bis. f. 2 


schelii. 
Kon. Icon. Fos. Sec. 7. f. 85; Murch. Sil. 
Syst. 7. f. 1,2; Phil. pal. fos. 57. f, 253. 


: Miinst. Beitr. 1840. 5. f. 10. 
-|— Cawdori.........---/Murch. Sil. Syst. 7. f. 9. 


| Dev. & Sil. Sp. 


| Devonian Sp. 
| Dev.&Carb. Sp. 


* * * * 


* * 


IMAITISE LOGS Clin O efor lc Pececsecsretesetorsezemecsenlensnen oes 


Phil. Geol. Yorks. pt. ii. 22. f. 7; id. pal. fos. 
56. f. 251. 
Bronge 2.1.35) SternD., Sen Ota aeseensessnacss 


IVINS. LOG. ClGa Dents Oeracsecnsesscumesereseseeete’ 
NOD MARIE: SAU secstaeserantercecasees dlosesstieete 


markii, Schlot. Isis, 1829; I. perovalis, 
Murch. Sil. Syst.23.f. 7a, b; Miinst. Beitr. 
SeiDaeberlilts 

Gold. Nov. Act. Acad. t. xix. 33. f. 4. 


VOL. VI.—SECOND SERIES. 


-+-|.-.|Morayshire, Lethen Bar. 
---|Morayshire, Lethen Bar. 
---(Orkney, Cromarty. 


Localities in Europe. 


-..(|Morayshire, Lethen Bar. 
++-|...{Cromarty. 
welewslib: 


»-«|Elbersreuth. 
-.|Wissenbach, Daun, Cotentin, Angers,|Mount of Ce- 


Gottland, Oeland, Scania, East Gott- 
land, Dalecarlia, Shropshire. 
Gottland, S.; Eifel, D., Miilke near 
Hausdorf, C. 
Herborn. 


.|...|Presseck, Schiibelhammer, Oberscheld? 


Torquay, Petherwin. 


...|Elbersreuth. 
+«-|...|Eifel, Staunton, Pilton, 


Brushford, 
Hope, Barton, Devonshire. 


-.|ifel. 


Elbersreuth, Brushford, Mudstone 


Bay, Newton, &c. 


...|Ludlow, Néhou, Wissenbach, Brau- 


.|...|Schiibelhammer(Clym. lim.), Presseck. 
...|...|Fresh Water East,S., Schiibelhammer, 
D 


Sect Elbersreuth. 
../Torquay, D., Yorkshire, Tournay, C. 


.-|...(|Kkemmenau, Prague, bank of the Mol- 


..|,.,,/9chubelhammer, Presseck. 
...|Wissenbach. 

...|.../Hope, near Torquay. 

../Elbersreuth. 


Sod ere} 426 
. fib. 


..{Cornden near Shelve, Dalecarlia, East 
Gottland, YPorlosk, St. Petersburg, 
‘Christiania, Sweden, Bain, Bretagne, 
S., Presseck, D. 
..|Eifel. 


Wenlock, Sweden, Prague, Revel, 
St. Petersburg, S. 


Elbersreuth. 
Barton, Elbersreuth, Prague. 


Elbersreuth. 
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Elsewhere, 


dar in South 
Africa ; the 
most com- 
mon of Tri- 
lobites in 
the United 
States. 
State of the 
Ohio, at 
Trenton 
Falls,inPer- 
ry county, 
Tennessee, 
&e. &e. 


Grauwacke of the Hifel, Wissenbach,|Berkley (Vir- 


ginia). 


Priim, Cotentin, La Hunaudiére (Bre- Mount of Ce- 


tagne). 


dar in South 


Daun, mouth of the Lahn, Revel ?,/Mount of Ce- 


Shropshire. 
bach, Daun, Ehrenbreitstein, Mar- 


telange, Altenahr, banks of the Rhine, 
Ahr and Lahn, S., Torquay, D. 


dau at Kosorr-Branitz, Kalstein. 


dar in South 
Africa. 


New York, 
banks of 
Lake Erie. 
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Z S lFilall2| . 
3 e lal el ele 
& GENERA AND AUTHORS AND REFERENCES. Be la 88/5 LUcailibn in Rakone: 
S SPECIES. The numerals refer to Species described and figured in | SA 215 | 8) 5 
6 is Memoir. a 5 || 3|| 5|° 
Zz % lallala 
1. |Agnostus pisiformis..|Brong. 4. f. 4; Murch. Sil. Syst. 25. f. 16;|...--- Pa | ced oe Neat Builth, Sweden, S., Elbersreuth, 
Battus, id. ; Dalm., Palead. 6. f..5; His. . 
4.f.5; Miinst. Beer H. 3. 1840,’ p- 47. 
1.|Brontes costatus...... Wimisrstis fo} 18, 1 Te, eo hecoognge pode Heeoeeebeeeed eeceed Bac llega bool ey 
2.|— flabellifer ......... Gold. Act. Acad. t. xix. 33. f. 3; Phil. pal.|...... Pale ..|Upper Ludlew, S., Newton, Chimay, 
fos. 57. f. 254; Olenus id. Stein. and auct. Couvin, Eifel, Néhou, Mettmann, 
Goldius, Kon., crust. foss. Belg. Acad. Brux. Lethmate, D. 
; vol. xiv. 1. f. 1; affinis B. radiatus, Miinst. 
3.|— Neptuni............ Ure Ck 2S, NR ae ie a * --|Elbersreuth. 
4.|— radiatus ............ Teton esha eeeieneeesyeabiecccetepnescesnentscecassl.|e72*s|+s° * «fib. 
5.|— subradiatus ...... uk ogwietilig SCCeCCUESS oc eeee eee teenvcescces|eree sens * fib. 
ee Rams MI er GME. Poo. 5 ac anedevenbuasesqoseccvoesanosvesnonvesltereee|se> # |leeefeee|ib. 
2.|— macrocephalus .../Gold. Nov. Act. eos 33. f. 2; Phil. pal. fos.|------|--- * ...|Barton, Eifel, Oberscheld. 
55. f. 246. p. 2 
1./Olenus punctatus .../Stein.21.f. 1; Calym. arachnoides, Heeningh.]..-++ % ||-+-]..-|Hifel. 
Letter, 1835. 
1./Arger armatus ...... Gold. Nov. Act. Acad. t. xix. 33. f. 1. Asa-| «..-.Je. * --lib. 
phus, id. and Bucephalus, id. in De la 
Beche’s Geol. Man. Germ. Tr. by Von 
Dech. p. 539. 
1. |Bostrichopusantiquus|Gold. loc. cit. supra, 32. f. 6. sessescseeesessees[eeeeeelers x |Herborn. 
CEPHALOPODA. 
1./Goniatites acutus .../Minst. Beitr. H. 3. 16. f. 11. ...ccsccsceceeenes{tereeelens x ||-+-|---|Elbersreuth. 
2.|— angustiseptatus ...Jid. Abh. 1832. p. 18.....ccessccecrecrecescsserecnaferrreefers * “ ihe Diirrewald, near Geroldsgriin. 
3.|— angustus....... coco hGle Lier, LnI6 1s es 21inasscococogepnaeee Jee: deeeaede| sobcoo en x ||---|--.|Schubelhammer. 
4-\\— aTquatus.......00..26 TO IONS nMAC IDEN (peiankasscscoccnecaeasee=soe-ce|s-a0-| <0 %|Je--Jeelib. 
5./— Beaumontii ...... IG epID DECOM Eee ce esbenaeonccnosassessnmcooape|sniiece| ses x ||++.|--.|Gattendorf. 
6.|— Becheri ............ Gold., Dech., Buch. goniat. 2. f. 2; Beyr. 1.]......)... % ||-+-|---|Eibach, Oberscheld. 
1b 7/8 ie 
7-|— biferus .........+0 Epa OSA OMME-S2R Osi esac sscortccciesns nese] secon) os x ||--.|..-|Petherwin. 
8.|— bi-impressus ...... de B. Gon. u. Clym. in Schl. 1. f. 2. .........Jeseeee[ees x ||-..|...|Ebersdorf. 
9.|— Bronnii ............ Miunst- Bettie Fis Usps) 22.0... .cseccessscscesecsa|ocsees|ers * ..|Gerlas, near Geroldsgriin. 
10. |— Buchii............006 nob. Tab. Nos. XXVI. 1a, b. p. 1. var. 2 a,|....+.]... & ..|Brilon. 
ante, p. 340. 
11. |— Buckiandi ......... Miinst. Beitr. H. 1. 18. f. 5. p. 2B.cccccorsssvefereeoelers %||--.|.../Schtibelhammer. 
12.|— calculiformis ...... Beyr. 2. f. 5 a—c. p. 37. ante, p. 342. ....ceece[eresee|ees *||---|...|Oberscheld. 
} 13.;— carbonarius ...... Gold., Dech., de B. 2. f.9; G. Listeri, Index|-.....]... + »|Hoffnung, Werden, Yorkshire, C., 
Min.C.501; A. subcrenatus, Schlot.11.f.9. Diluv. of Rhine and Ruhr. 
14.|— canalifer............ Miunst. Beitr. H. 1. 18. f. 2. p. 26 .........0../ooee e+e] % |]--.]...|Schiibelhammer. 
15. |— cancellatus.. ...... nob. Tab. Nos. XXV. f. 6, 6 6. anté, p. 339.|......]... * ...|Brilon. 
16. |— ceratitoides ....... de B. Gon. u. Clym. in Schl. 1. f. 3. an G. ser-|...++.|... oo » |Falckenberg. 
pentinus, Phil. Geol. York. Part ii. 20. f. 
48-50? ‘ 
17.|— carinatus :........ CRC MpEeN NIL SDM esns\Feawoncidecesscssescensne|esoces|ooe x ||-».|..-|Oberscheld. 
18.|— clymeniformis ...|Miinst. Beitr. H. 1.17. f. 4. ...ceseecessessenefeeereeleee x ||...|--.|Gattendorf, 
19. |— compressus? ...... LANDMASS PuiSSsemtesssvccaceseescecesesrsehs|sceees|ase % ||-..|-«.|Elbersreuth. 
20.|— compressus_ ......|Beyr.1.f.6; Spirulacompressa, Gold., Dech.;| ..||...]--.] Wissenbach. 
Gyroceratites gracilis, H. v. Meyer; id. 
: Bronn, 1. f. 6. ante, p. 338. 
21.|— contiguus ......... Miinst. Abh. 1832. 3. f. 8. ......... sencapenodtd Boog: tee * . |Schiibelhammer. 
ee a ATED inatsa aioe eetisdatencesstceeeecacencieas ne =ntanssestse tpiiaversscess|cseses|ss * ib. 
23.\—— COAL, .2-2reresseses 1G CVG ped eml pup MOORS eetepians ienensinniidesiescers|a050s.| 0s. % jib. 
24.|— costulatus ......... NOD, NOK Vile ita Si Gs Osi Phen SA lle ssacessecesc|s.0ss[oes x ||-..|-.-|Brilon 
25.|— costatus ....0cc..00 TOD KN Sem MCMEP MN SA Ostia sche. cugesets|ese eselees x ||-+.|--.[Hibach. 
26. |— cucullatus ......... de BGC lyri ilakie tae p ess sntnsencsocest-|oo+00s|000 x ||-..|-..|Ebersdorf. 
#2 7/.)|——\GIVISUS! eesveesoorss Mun ste AD Dye S32 ati sOn erected enascscececss|aceses| ss x||--.|---|Geigen, near Hof. 
28.|— Dannenbergii...... Beyred. fa Os ONC yDecoB bs mcrsceteaiMenas+esacens » ++|/.+./+«.| Wissenbach. 
29. |— equabilis ......... ol, Zagnis Bn Roseep-crodc io 34000 Seaeins sake ae meee eee Sesto sss oe .-|Oberscheld. 
30. |— CVEXUS....cccceeeeees LER Eun le fa) 5,4 Merete edd ccsen eta ccesase|easden|ecs a .../Pelm, near Gerolstein. 
31.|— expansus.......0000. hy 1S sy 245 Gpapcsnge on occ aadoo ae 0 Ucn enna sadbesead| bee %||+--| »|Herborn, Derbyshire. 
32) |\— faleifer <.-tsccors-=- MRSS Clty EL.2 3 LOeniel sled Noaentreceessnens| cooeeoloee eal Pl igoe Béiichaltameen 
33. |— globosus.........«./id. Abh. 1832. 4. f.4.p. 20; Phil. pal. fos. 50.]......|... ||-+-|---Newton Bushel, Gattendorf. 
25. 
34.|— gracilis ......0 SPAM AD aes eanaicssls sei donee ses= epics ese ssbine duces siess|astsee| sine «||---]-.-/Schwarzenbach am Wald. 
35.|— Hoeninghausi...... de B. ed 2>f..35 Bronn, f. 1. Tab. nobi)......{... * ..|Eifel, Refrath. 
NV tesa 0: ante, p- 339. 
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& GENERA AND AUTHORS AND REFERENCES. EEG § & 2 ee 
S SPECIES. The numerals refer to Species described and figured in Ex 21818) % ea Eisen oe 
o this Memoir. a 5 5 3/°o 
Zz a lalalla 
36./Goniatites Haueri ...|Miinst. Beitr. H. 3. 16. f. 10. ........scseceseenfeeeeee[ere * ..|Fichtelgebirge. 
37.|— hybridus............ id Alby 1832 Hai Op ALO ssh nne a ace stsisdaaceeet ees es ler eo -./Gerlas, near Geroldsgriin. 
38. |— incertus .........+0- nob. Tab. Nos. XXVI. f. 6 a. anté} p. 342....J....+.]--- x ||-.-|---|Brilon. 
39.|— insignis ..........6+ Phil: pal sfOse 4Oy £2285) os cds cece encascccess| te vealletls * ...|Petherwin. 
40.|— intermedius ...... Munst> Bertie Ea Site: 7 see ca eee tecies Pree ad rere «e|| y ||-ee]-../Schtubelhammer. 
41.|— intumescens ...... TE Be by S38 cancecgan docsocrCo Fone dear node Shoe cedds) euCne ++l]  ||+--|---|Oberscheld. 
42.|— lateseptatus ...... Wes. 14; ante; ps Sa8cesscendeceee esse sceneese x |x|] */|---|...|Wissenbach, S,, ib. D. 
43. |— latestriatus......... nob. Tab. Nos. XXVI. f. 5a. anté, p. 341....}...06. sierol Ne ..|Eibach, Pessacher. 
BA. \— linearis ...006...+0- Miunst. Abh. 1832. 5. f. 1. p. 22; Phil. pal.|...... vera Hag ..|Petherwin, Schiibelhammer. 
fos. 49. f. 229. 
Pie |—— MAXIMUS ...:s00s. Muntst. Beitr Hives) to Geececeaee MGanaeadddetalees tac sel] y ||.../-../Schubelhammer. 
46. |— multiseptatus...... de B. Gon. 2. f. 6..... sdb eachiseacbulkdeseecsadcantlacaeds vo|| ge lleoeleee| Eifel ? 
47.|— multilobatus ...... Beyre ll. £9. cesmcssnacctuscsestecss oh dvesqaacgsdenn| ee ancl tar %||-..|-.-|Oberscheld. 
48.|— Miinsteri ......... de B. Gon. 2. f. 5; Miinst. Beitr Ea. )Ue pi. 22's|\c0scas| ew %||.--|...|Elbersreuth. 
Abh. 5. f. 3. p. 25. 
49.|— Neeggerathi ...... id--1. f) 6; 7, 8. Lab. Noss XV. of 1 a,x ..|Wissenbach. 
ante, p. 337. 
50. |— obscurus...........+ Miinst Ee te peal itccck cares sceccee Muuuiveedacges|Semess|(se% of ...|Elbersreuth. 
| 51. |— orbicularis ......... Ido AD yl BS 2.0 de tap ae Per 2 On eiae oeicen senialvetante|veesaalter % ||---|---|Schtibelhammer. 
| 52.|— orbiculus ......... IB Gyinn Qe diet4e waredasterets data rsenwaat asus cscs scitaaledenad| dak x ||.-.]--.|Bifel. 
53. |— ovatus............06 MimstAbh. 183254- flaps 4a tn. cscsereeasc.| eee acaleen %||-.-|---|Gattendorf. 
54.|— pauciseptatus...... Iams rites Ue (psd hes wosteatens gee terme erevemcert | adelelets| eet x» ||-.-|---|Elbersreuth. 
55.|— paucistriatus ...... nob. Tab. Nos. XXV. f. 8 a, b. ante, p. 339...]......]... % ||-.-|---|Oberscheld, Adorf. 
56.|— pessoides ...... ..(de B. Gon. u. Clym. in Schl. 1. f. De ...0..0..]... cect en. %||.-.|---|Ebersdorf. 
57.|— Petreos ............ VIE tees Cltnen Ede ley Paul Semiyctsaeiete dectantits.etsisitets| eeiscete| aa x ...|Gattendorf. 
58.|— planus .........0.. Ide ADH USS 2 One ain Da SUse teeeccensasoeese sel dense cet x ||--.|-.-|Schiibelhammer. 
Boa) —plenidorsatus......jid. Beitr. H. U. 3. f. 7. cceccecseaneisosteriecsecee|secere|vee 7 ...|Gattendorf. 
60. |— Preslii............... LG pp fender Sop tracclqpeticcrcctter see amcseoesy dseinefaal dasiae| det s ../Schiibelhammer. 
61.|— primordialis ...... Seblot.. deb. Gon Ll. falas lO Wianevecsesoriiel seca welll ...|Griindt, Goslar. 
62.|— priscus ....... acbcd| LEGG. SBocaRasApeecobosonicdon idcnocetbdeldescopernced BEeoch Goal rae » |Herborn. 
63. |— retrorsus............ de B. Gon. 2. f. 13; Beyr.1.f. 10; nob. Tab.]...... well oI aches Oberscheld, Adorf, Martenberg. 
Nos. XXV. f. 2a, 6, 3. anté, p. 338. 
64. |— id. var. a. .......+. nob. Tab. Nos. XXV. f. 4. anté, p. 338.......}....66 Gallet lose lls 
65. |— id. var. b. ......-.. nob. Tab. Nos. XXV. f. 5. ante, p. 338.......|...... eval [lwo lao e[LO= 
66: |— quadripartitus .../Miinst. Beitr. H. 1. p.19.  .......cesseceeceeees[ooeeoe|ees x ||.-.|---|Gattendorf. 
67.|— Roemeri............ Miunst FL Sh f.. Si cntnacsreaae a settaiendectestesanes ve{] x |]...[---|Schtibelhammer. 
68.|/— serpentinus ...... Phil. Geol. York. 20. f. 48-50, id. pal. fos.51.]...... .»l| ||  |---Newton, Devons., D., Yorks., Visé, C. 
f. 237. 
69.|— simplex ............ de’Ba Gone 2-f: 6 Glens SOs medics tetaenndlsen| soaesal cer %||...|---/Oberscheld, Rammelsberg, near Goslar. 
70. |— solaroides ......... id. Gon. und! ClymanySehh. 1.' £452... csevoesaldaddss| sie x ||..|---|Ebersdorf. 
fe i|— sulcatus ..........-. Miinst. Abner Ss2iaoia (heccussp.qenseccerereddaalanaewd|eae x ||--.|---|Schtibelhammer. 
72.|— speciosus .......... id. ib. 6.f. 1; Beitr H. 116.4; O; de Bo fa f.tisoseeboer se lleelene (ID. 
PM eS PUCMILONIMNS:.-.0+./10. EL. U.P. Slo sacccecscoeccdeatoerctiacsterewecoed|uacdwalans % ..|Elbersreuth. 
-;— Spurius ............ Ide ADH LSS2s p. SiltrawtranasseceseWadsacetesat tem aellete asker * ...,Schtibelhammer. 
75.|— sphericus ......++ Mart. 7. f. 3,4; Min. C. (Index) 53. f. 2. anJ......]...]]...1|... y|Herborn, Chokier, Visé, Derbys.,/State of New 
id. striatus? id. A. Aithiope auct. Yorks., Isle of Man, Dil. of Rhine.| York (Gon. 
76. |— striatus ........+00. Mins’ C.*t: 53. f. 1; Phil, Geol) York.19, if: |<... x |ib. Bredlar, Derbys., Yorks. minimus, 
1-3, ante, p. 342. Conr.). 
Uf. \— striatus .........0.. Miinst. Beitr. H. 1. p. 20. no. 19. (mon Sow.)]......... ae eet aad Schiibelhammer. 
| 78.\|— striatulus ......... id. Beitr: El.) 1. p. 20. now 20) Ely byt O. £68. sce. rae aloud jac Gattendorf. 
79.|— subarmatus ...... Id PADIe USS2> Oouleg An Peraseass teodects asivatwlesduel weet x |leeelee0 Schiibelhammer. 
80. |— subevexus ......... Sloe AB etirite di level leeds ce adeeb etc ono aachdeoan oe ke Boce oi ..|Naila. 9 miles west of Hof. 
81.|— subglobosus ...... TO SID es Pye l Qui craciae cane asttermasarcsneste oaaaanensticeal Geen eats x ||---|«.|Gattendorf. 
82. |— subbilobatus ...... (Gli lela, MY eeliodile e peBcecncobcist ooeiodes Co uonossecaeeel Hooeee Sg |lrrey eno ED 
83. |— subinvolutus ...... L(G lo ad IY fe GAD Bee baths abe eo ey aan a eee Oe Bel aco (LD 
84. |— subcarinatus ...... Rdeiba NS ufos cp iecenaseetoniastscceasavdaadstenencen lesen ti av x ||---{--.|Schiibelhammer. 
85. |— sublinearis ......... TA PADH..USS QUA te Oey 2oaets nesreeisaneewnuniwlecneeel|sas % ||-«.|---| Gattendorf. 
86. |— sublevis............ Telept er aee ke 255 a One i atnceresreds certete sind alatsiiice| tours 0 4 |leor|veafib. 
87. |— subnautilinus...... Schiot., de B:.\Gon. 1.-£:.09; 10} Ulead. dace m seslleee{ee.| Wissenbach. 
88.|— subpartitus......... IMtinsto Bettis ED. pe EBs.tccacs state sdcthansianelwaver|oae ye ||-+»|---|Gattendorf. 
| 89.|— subsulcatus ...... IderADR elSS2. Osis Dep: 2ocacccy. duscedacrnes¥ovfesioel aaa a .../Schiibelhammer. 
90. |— tenuistriatus ...... nob. Tab. Nos. XXVI.f.7 a, b, 8a, anté, p.343.|......|... x ||---[---| Brilon. 
91. |— transitorius......... Ete Alem OSe Ont 27, the doom mecortaadsess«dre|siseeealleae ik ..|Newton, Devons. 
92.|—tripartitus ......... Munst. Beitr: Help 20. 10. U7. sic sscses/sewece|(ce ESS Roe Schitbelhammer. 
93.|— tuberculosus ...... nob. Tab. Nos. XXVI. f. 4 a, b. ante, p. 342.}......)... slice ea Brilon. 
94.|— umbilicatus ...... Munst. Beltr. Hels pe20. no. 18). sc..0...0c]abdeslen. ap tcee eee Gattendorf. 
95.|— undulosus ......... Id DMS SA aA Geto eps 2Ol testes <i viedesvce ce s|eiesecs all leec| oor ib. 
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-|— (indeterm.)......... 
-|Clymenia angulosa... 
-|— angustiseptata ... 
-|— annulata : 
-|— bilobata . 
-|— binodosa 
-|— id. var. a. nodosa. 
-|— bisulcata 


seeeee 


-|— dorsocostata 

-|— Dunkeri 

.|— fasciata 

-|— flexuosa 

-|— ineequistriata 

-|— id. var. elliptica... 


-|— id. var. a., elliptica 

-|— id. var. b. semicin- 
gulata 

. |—id.var.c.semiplicata 

.|— id. var. d. nana... 

.|— id. var. e. speciosa 

-|— linearis 


.|— id. var. decorata.. 
. | paradoxa 

-|— planidorsata 

.|— planorbiformis .... 
.|— pleurisepta 


. |— sagittalis 

.|— Sedgwicki 

. |— semicostata 

. |— semistriata 

. |— serpentina 

.|— similis 

.|— striata 

.|— id. var. a. costellata 
.|— id. var. 6b. semi- 
striata 

.|— id. var. c. plana... 
.|— id. var. d. umbili- 
cata 

. |— subflexuosa 

. |— subleevis 

. |\— subnodosa 

.|— tenuistriata 

.|— undulata 


. Orthoceratites acua- 
rius 

f= AUCEDSE sacscapesns 

.|— anguliferus 

.|— articulatus 
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id. Abh. 1832. 1. f. 3 

id. ib. 6. f. 6; Beitr. H. 1. p. 14 
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. Beitr. H. 3. p. 94. 
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Minst. Beitr. H. 3. 16. f. 4 
id. Abh. 1832. 2. f. 4 
id. ib. 1832. 2. f. 4. p. 10 


ial, [ete INT, 78, 74 choapaenpneeennosaseipadoodocsd McBee nde 
id. Abh. 1832.1.f.1; Planulites, id.; Phil. pal.|......|.-- 


fos. 52. f. 239. 
id. Beitr. H. 3. p. 91. 
id. ib. 
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id. Abh. 2.f. 5; Endosiphonites minutus, An- 
sted; Camb. Phil. Trans. vi. 8. f. 3; Phil. 
pal. fos. 53. f. 241. 


Te EVEL LEW Ae Mee OMNI ieM seteneysaneatcsiaessucacndes|sesens on 


id. ib. H. 3. p. 91 
id. H. 1. 16. f. 6. 
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Miinst. H. 1. 16. f. 4. 
ide -Abh. 1832.01. f. 2. 
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Miinst. Beitr. H. 3. 16. f. 3. 
ide LAG... 2. 

id. ib. p. 11, 8, 22 

id. Abh. 1832. 3. f. 1. 

id. Beitr. H. 1. p. 11 


_ Abh. 1832. 3.f. 2-5; Phil. pal. fos.53.f.240/......|-.. 
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id. ib. p. 14. ib. p. 11.1.3. f. 4 


id. i 
id. i 


id. Beitr. H. 3. p. 93. 
id. Abh. 1832. 2. f. 3 
id.1b: 6. f. 7. p. 32: 

id. Beitr. H. 1. p. 11. 
id. Abh. 1832. 2. f. 2. 
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Miinst. Beitr. H. 3. 17. f. 5. 
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nob. Tab. Nos. XXVII. 6. anté, p. 346 
Sow. Sil. Syst. 5. f. 31. an Lit.? id. ib. 11. f. 
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| Dev. & Sil. Sp. 
| Devonian Sp. 


**¥* * *& ® * ® * 


* * * * * * * * 


* * ¥ * *¥ K KK KK * KK KK KR K 


| Dev.&Carb. Sp. 


Localities in Europe. 


.../Schiibelhammer. 
.|...|Gattendorf. 

.|...| Wetzlar. 
..|.../Schiibelhammer. 
...|Fichtelgebirge. 
.|.../Schtibelhammer. 

secllDs 
..|-..|Fichtelgebirge. 
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, - Schiibelhammer. 
..|Fichtelgebirge. 


alaeeiibs 
JeallDe 
..|(Schiibelhammer, Gattendorf, Geiser, 


Gerlas. 


.|...Jib. 

..|Gattendorf, 
..|Petherwin. 
.|...|Geiser. 

..|Fichtelgebirge. 
.|..-fib. 

soe{fiey: 
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..|Petherwin, Fichtelgebirge. 


...|Fichtelgebirge. 
ib. 


Pa Petherwin, Fichtelgebirge. 


..|Fichtelgebirge. 
.|...Jib. 

slnes|ibs 

..|Fichtelgebirge. 
ib. 


..|-..|Petherwin. 
..|Fichtelgebirge. 
ib. 


..|Petherwin. 


.|...|Geiser. 
..|.../Schiibelhammer. 
..|Fichtelgebirge. 

sleeeiDe 

sleaslibs 

...{.../lb. Petherwin. 
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ficlfooc| fle) 
...|Ib. 


Geiser. 
Fichtelgebirge. 
ib. 


wefib. 
.. fib. 
...|Pether win. 

.../Elbersreuth, Gattendorf. 


...|...|Gattendorf. 
..|@».|Paftrath. 
...|Martelange. 
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tus. 
6. |— calamiteus ... 
7-|— carinatus ..... 
8.|— cinctus ....... 
9. |— conoideus..... 


27.\— lateralis ...... 
28. |— linearis........ 
29. |— lineolatus..... 
30.|— Ludensis ... 
31./— nodulosus ... 
32. /|— punctatus ?... 
33. |— regularis ..... 
34. |— id. var. ...... 
35.|— scalaris....... 
36. |— semipartitus . 
37.|— semiplicatus 

38. |— speciosus ..... 
39.|—striatulus ... 


-|— costulatus 
-|— eylindraceus 


-|— ellipticus 
-|— excepticus 
-|— giganteus 


-|— granulatus 


.|— striatulus 


«|= striolatus 


SPECIES. 


-|— Dannenbergii 
- |— decussatus 
-|— dimidiaius 
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-|— interruptus... 
- |— irregularis 


-|— striatopunctatus... 


subannularis 


. |— subflexuosus 
. |— subfusiformis 
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Sow. Sil. Syst. (O. striatum ? text) 5. f. 29, 
Min. C. 58. 
Minst. Beitr. H. 1.17. f. 5. (O. cingulatus,} 
Gold. Bonn Mus.) ante, p. 346. 
MiunstesBeltralblaiS eliOuits Sic ccce cose ewateteectten 
Min. C. 588. f.3.; Miinst. Beitr. H. 3. 19. f. 
4; Phil. pal. fos. 41. f. 204; O. bacillus, 
Eichw. Zool. Sp. vol. ii. 2. f. 14. and Sil. 
Syst. in Esthl. p. 94; O. centralis, His. 
Suec. 9. f. 4. 


Cs 


seeeee 


| Deyonian Sp. 


% ||-+-|---/Elbersreuth. 


Munst. Beitr:, Hy SadiSt f. 45) Bitcvcsenvscceneeesa|*orens| ase 

dei ben Oo tan 

Sow. Geol. Trans. vol. v. 57. f. 28. and 52. f.|-+.-+.|-++ 
6,7; Phil. pal. fos. 43. f. 213. (affinis O. 
cinctus.) 

nob. Tab. Nos. XXVIII. 1 a. ante, p. 345...) x 

Miinst. Beitr. H. 1. 13. f. 2. 

Sow. Sil. Syst. 8. f. 18; Miinst. Beitr. H. 3.) x 
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Min. C. 246; 
De la B. Geol. Man. Fr. Tr. p. 556. 

Blum., Arch. Tellur. 2. f. 6., nob. Tab. Nos.} x 
XXVII. 4. ante, p. 443. 


eee 
ees Cd 


sean 


sneee 


Sow.ib.5.f. 30; non Phil. pal. fos. 43. f.208 ; 
O. annulatus, His. Leth. Suec. 9. f. 8. (non 
Min. C.) an O. articulatum? ante, p. 346. 

Wahl., His. 9. f. 9; Sow. Sil. Syst. 9. f. 2; 


* 


Min. C.? non Schlot.) 
Miinst:) Beitr. Fron Oetin as svecceteusscaceccedsslesnehelese 
Hoe TOs LOWES Ue ae cee conacats soa esecectcuiredhiaes tentacles etre 
Phil. Geol. Yorks. Part 2. 21. f. 8, Pal. fos.|......]... 

41. f. 205. 
Miinst. Beitr. H. 3. 19. f. 1. anté, p. 345. ...Jeseeesles 
Sow., Phil. pal. fos. 43. f. 209, 6, O. annula-|......|... 


tum id. Geol. Yorks. 21. 9, 10. 

Sow. Sil. Syst. 9. f. 1; O. maximus, Miinst.]...... 
Beitr Hiss 1 7enten2: 

Schlot. 11. f. 2. nob. Tab. Nos. XXXI. 4. anté, 
p- 347. 

Munst) Beltre. i309. de De. sesiceededatceccrsn deol vececaleae 
Schlot. 9. f. 3; id. Bronn; Miinst. Beitr. H.| , 
3. 17. f. 3, 4; His. O. recta, Bosc.; O. 

Qélandicus, Knorr., anfé, p. 344. 
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Sow. Geol. Trans. vol. v. 54. f. 20; Phil. pal.|......]... 

fos. 43. f. 212. 
op Nos. XXVIIL. 5, a. antd, p.345. ; O. fragilis, 
Schl. Collect. Jahr. fiir Min. 1833, p. 483. 
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a. ante, p. 347. 


Localities in Europe. 


| Dev.&Carb. Sp, 
Carb. Sp 


—_——_ 


% ||---|-+-|(Ludlow, S., Horeb Chapel, D. 


x ||---|---|Wissenbach, S., Chimay, Belgium, Re- 


frath, Eifel, Brilon, Schiibelhammer, 
[D. 
--|Revel, Sweden, S.; Petherwin, New- 
ton, Schiibelhammer, D.; Lancash., 
Yorkshire, Visé, Tournay, C. 


% ||-+-|-«-|H]bersreuth. 
# llee|senlt De 


-.|Newton, Baggy Point? D.— Venn, 
Swimbridge, &c., C. 


..|Wissenbach. 


s ay ...|Elbersreuth. 
 ||...|---|Wissenbach, Radnor Forest, S., Fich- 


telgebirge, D. 


x ||---|---|lbersreuth. 
% |---|... Newton. 

» ||---|--.|Gattendorf. 
x ||---|.-.|Bensberg. 


Elbersreuth? Gerolstein, D.; York- 
shire, Closeburn, Scotland, C. 
..|Wissenbach. 


» ||--.|.../Elbersreuth, St. Sauveur. 
» ||--.|...[Ludlow, S.; ib. ib., D. 


% ||-».|...|Wissenbach, East Gottland, Ludlow, 


S., Petherwin, D. 


«|| »|...|Ludlow, Gottland, S., Marwood, D., 


Yorkshire, Visé, C. 


Paleo Pu Gattendorf. 
Palace ee Elbersreuth, Prague. 


..|Petherwin, Newton, D.; Yorkshire, C. 


eile acl Elbersreuth, Oberscheld. 


7 ,|...|Croyde Bay, Chimay, Belgium, D. ; 
Visé? C. 
Ludlow, Revel, S.; Petherwin, Mar- 


9 wood, Elbersreuth, D. 
Nollewaleae Hifel. 
alse ee Elbersreuth. 
eM Bed too: Prague; Wissenbach, Oeland, St. 
Petersburg, Revel, West Gottland, 
S., Eifel, Elbersreuth, D. 
...|Wissenbach, 
..-||-+-| » |Herborn. 
* ...[Felindre, Horeb Chapel. 
» ||-+-[...|Schtibelhammer. 
% ...|Elbersreuth. 
# ../Schiibelhammer. 
* ..|Petherwin. 
.| x |Herborn. 
» ||---|...{Elbersreuth. 
im ..fib. 
ei liselape Les 
p .../Oberscheld, Pskof, Schitbelhammer. 
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3 z |e le 
2 GENERA AND AutHors AND REFERENCES. £8 a || 8 
S SPECIES. The numerals refer to Species described and figured in | G™ elle 
5 this Memoir. ae 5 || 
Za aH |A)\4 
46. |Orthoceratites subpy-|Miinst. Beitr. H.3. 20.f.10; O.inflatus, Gold.]......|.-- * 
riformis. Bonn M.Tab.Nos. XXVIII.3,a.ante,p.347. 
47.|— subtrochleatus ....Jid. ib. 19. f. 6. ...se.sceescesceeeee Reach isn ecd|Sech'cc % 
48. |— tentacularis ........ BP PALS MOS ae PeMMLO: Gn ecnscescscesesccscesies|srssneloes * 
49. |— tenuistriatus ...... IVIREG Gombe tiemlde SPO Ts 4s. .c. 0. cscrbssevievciers|seveeelons * 
50. |— torquatus .......... Tel pL OM PANO MPT Mette csi cadsssiesecneerbscecenaslieveas lors * 
51.|— triangularis ....... nob. Tab. Nos. XXVII. 1, a. ante, p. 347....| x tee 
52. |— tubicinellus ........ Sow. Geol. Trans. 57. f. 29; Phil. pal. fos.|......)..- * 
43. f. 211, an calamiteus? Miinst. 
53./— venustus .......... IMuNgE Beli nbs Oets Osisssnanesetipetssivelwenoes|s * 
54. |— Wissenbachii...... nob. Tab. Nos. XXVII. 3. ante, p. 345....... * oo 
Eyal HCl PVT EMME ene cise Waal ce teens ch cole dearth s cateee tcc tide Seedene@encdssessacens tee 
56. |— siphon ? d’orth..../Tab. Nos. XXX. 3, a. anté, p. 348. ............feeeeeefers ¥ 
1.|Cyrthoceratites an- |Miunst. Beitr. H. 3.17. f. 1. c.cscceccsccscoees[eceee/ees * 
gustiseptatus. 
Baila CURLS sns-seoc<sn Orth. id. Stein. 22. f. 6; Cyrth. rusticum,]...... * 
Phil. pal. fos. 46. f. 222. 
Sole PATINELOS wecneass- aor Phil. pal. fos. 48. f. 225; an Spirula tubercu-|......|-+ * 
lata? Kichw. Jahr. fiir Min. 1840, p. 620. 
4.|— Bdellalites ......... JOD Ai ei ep AO MPM deceetinctsv a. dh csevess st taeeloneees * 
5.|— depressus ......... Gold., Bronn, Leth. Geogn. 1. f. 5; nob.,j...... * 
Tab. Nos. XXIX. 1, a. ante, p. 350. 
Oo —— 1G vate GALINA Lave DODManar stad aatsetne tise tess sein anos cote ens avidsl ove as ll x 
7.|— Eifelensis ......... ‘bob. Tab. Nos. XXXI. 2, a, b. ante, p. 349..)...... «|| x 
8.|— fimbriatus ......... Dil pV ogee ui Relate ccc itis eves denice sind] tlelowan * 
9. |— flexuosus ......00. CO Me sO SC DIOR TS pled s Mocdcascnvsteoescecsneeeleeeese * 
10. |— lamellosus ......... nob. Tab. Nos. XXVIII. 4, a, 0. anéé, p. 348.]......|++- * 
DT —— LeeVIS) Soc scceces scenes NGWMGRSISUS Ler REM cosdecbpedenedescces sie i]onveee & lx 
OI TIMCATUS, .wccccescses Gold. (Bonn. M.) Tab. Nos. XXX. 2a. anieé,p.]......|-++ : 
351. 
13.|— marginalis ...... Sex| ELTA RLOSteEO ALO. G5 0. ono.ccesoceseedses|ecen stolons * 
14. |— nautiloides......... ORTH aM StCID EA Wis Ian siccnisescesioar tes ooscpdloesess| box * 
Mes MAU GIAGUS tae ta tal PHVA DUO sta Miekcs cubvdeeaiien ded siesesabiestsneleoewedlees * 
16. |— nodosus............ Phil. ib. 46. f. 221; Spirula nodosa, Bronn, 1.)...... x || * 
f. 4; Lit. lituus, His. 8. f. 5; Ortolus con- 
‘ volvens, Montf., Stein. Mém. Soc. Géol. 
Fr.-vol.i.'23.'f. 3, a: 
17. |— ornatus .......e000- Gold. (Bonn Mus.) Phil. ib. 45. f. 217. Tab.]......}... * 
Nos. XXVIII. 5 a, b. ante, p. 349. 
Bs) — ODN GUATUS cco sescns| PUM IDe AD Lal ZIBs  sovececsces cov sssecnsenteceee|saseds|ooe * 
LQ: Quindeelmalisescses|(d. IIA 4ts DUG. Fo. cevvecncccoscoceerancsevteseea|ecstes lees se 
POs Me MCM Ame yeserarere LOND AS ta) LAP IR Cath Loca clenndeocacerneerotcensaiee|eineesolees x 
21. |— tetragonus ......0.. nob. Tab. Nos. XXXI. 3, a. ante, p. 351. ...)......)... * 
22.|— tredecimalis ...... EA URRAT PE MTEL DEREOE OT: ois le ws doioch ce snesepesieoesiceliesicne| eae - 
23.|— ungulatus .........|Miinst. Beitr. H. 1.17. f. 6, an C. leve, Sow.|......|... é, 
1. |Phragmoceratites il, Tals ib Tit TIC) .29e SanSanchocACuOD ARES SCRE seEeene Aeerete Rae ” 
Brateri. 
2.|— subventricosus ...jnob. Cyrt. compressus, Gold. (Bonn Mus.)]......|... + 
Tab. Nos. XXX. 1, a. anté, p. 351. 
1. Nautilus divisus...... Miinst. Jahr. fir Min. 1830. p. 485. .........)......feee/] oe 
2.|— germanus ......... PID AAS s CACO Men rea ste seocecs tps cite ccleeleswees|ene * 
3.|— globatus ............ Min. C. 181; Phil. 17. f. 20-28; N. Wrightii,......}.. pee 
Flem. Brit. Anim. p. 230. 
4.|— megasypho......... FE. pal Osueta st omein emits ons seas tet pe2%sis'loelvenees * 
LA Aptychus antiquus -../Gold. (Bonn Mis) isicdinciasies cask erssncoeevecloeeseelees ss 
2. |— vetustus ............20b. Tab. Nos. XXVI. 9. ante, p. 343.........)..... [00 e 
HETrEROPODA. 
1. |Bellerophon acutus...|Sow. Sil. Syst. 19. f. 14. ...ccsssssecssesereeseeleceens ye Ve 
2.|— apertus .........+., Mine 469 0it., U. PNW Ue Ae senses bases melee cre. x || 
3.|— Urii ..|Flem. Brit. Anim. p. 338; id. Phil. pal. fos.|...... ae || ae 
40. f. 199; Atlantoides, d’Orb., Monog. 
des Céphalop. a f. Ne -19. 
4.|— carinatust ......... SOW OU MON si Rotem et ccnncewse .geach enusconiiveliecs selves * 
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Localities in Europe. Elsewhere. 


..|Eifel, Paffrath, Schtibelhammer. 


..|.../Schtibelhammer. 
...|Elbersreuth. 

...|Wissenbach. 

...|Newton, Plymouth, Chimayx 


.-(Elbersreuth. 
.--|Wissenbach. 
neo flee. 
..|...|Paffrath. 
...|Elbersreuth. 


..|Elbersreuth. 


Baggy Point, Brushford, Meadsfood 
Sands, Devonshire. 


.--|Petherwin, Eifel. 


-.|Newton, Valdai, Vitegra, D.; York- 


shire, C 


.|--.[Torquay, Babbacombe. 
..|Paffrath, Eifel. 


. lib. 

...|Eifel. 

.|...| Newton. 

.|...|Eifel. 

...|Paffrath. 

.|...|Ludlow, 8.; Eifel, D. 
.-|Kifel, Paffrath. 


-.(/Newton. 


...|Horderley, S., Elbersreuth, D. 
.. Ledbury, S., Eifel, D., Coalbrook Dale,|State of New 


.. (Eifel. 
---(| Newton. 
..|-.-|Dalecarlia, 


Oeland, S.; 
Newton, D. 


Plymouth, 


..|.Newton, Eifel, Paffrath. 


Pelee. (LOE 
Bleeclibe 
ales tI 
cules «| Efell. 
.|.../INewton. 
.|»-.|EJbersreuth. 
.-.|---(Gattendorf. 


..|Eifel, Paffrath. 


Herborn, Edderbringhausen. 


.|Newton. 


Ratingen. 


.|Petherwin. 


Herborn. 


.|Eifel. 


South Africa. 


Yorkshire, Bristol, C. York, S. 


.|Onny River, Longville, S., Pilton, 


Baggy Point, D., Yorkshire, Tour- 
nay, C. 


...|Horeb Chapel, D. 


+ Mr. Murchison has placed this fossil in the Upper Ludlow in his table, but he does not give any locality. 
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S SPEcIEs. The numerals refer to Species described and figured in Ba 2 $||3| 5 a a Usps 
3 is Memoir. = [|bilalla |e 
Z a AlA IA 
5.|Bellerophon Cornu |Min. C. 469. f. 2, 3; Phil. Geol. York, 17.) , |-++|/--.|/--.]... pene Podolsk, Stolobinskoi, S ; 
Arietis. 1g 1G endal, C.; Northumberland, C. 
6. |— cultratus............ d’Orb. Mon. des Céph. 7. f. 21—23.............Je«s TAisoall 2. ||boe has Rifel. 
7.|— Edouardii ......... GiOrhsbeatiOy jem accscaiacke> seectnct caondes| soca Bae al coal eon Eifel ? 
8.|— elegans ........000 d’Orb.7.f. 15-18; B. decussatus? Flem. Brit.|...... vel] |] « |---|Paffrath, D; Kulkeagh, Linlithgow- 
ue p- i ; Phil. 17. f. 13; Tab. Nos. shire, Tournay, Visé, C. 
XXIX. 2 a, b. ante, p. 354. 
9. |— globatus ............ Sow. Sil. Syst. 3. f. 15, 4. f. 50; id? Phil.) y |x || % |[---|--. ety Ludlow, S., Marienheide,D; 
pal. fos. 40. f. 202. elindre, Marwood. ~ 
10. |— Goldfussii ......... d’Orb. loc. cit. supra. 5. f. 28-31.......02eeeee/oee ooe|-eel] x |]eee]---|Hifel. 
US| — HIGICUS <.....0000s. Min. C. 470. f. 1; Phil. pal. fos. 58. f. 203*.|...... well Ell oe owe hpi es aa , Coalbrook Dale,|Tennessee. 
ournay, &c., C. 
12.|— Hupschii ......... Defrs Anns Sen iN US 24 soe ce cess sloccenceeenenlt| sean sis|| ¢ \|leisi0| 00 Chimay, Blankenburg? (Heen.) 
13.|— Murchisoni ...... d’Orb. 7. f. 1, 2, 3. (B. striatus, Sil. Syst.| 4 | x |/ ||---|--- Wissenbach, S., Felindre, D. 
3. f. 12, e.) XXVIII. 7 a, b. anté, p. 353. 
14. |— id. var. a. ......055 nob. Tab. Nos. XXVIII. 8. ante, p. 353...... PY Aloo beal|eéa oe Wissenbach. 
#55 |— radiatus ........... d’Orb., Porcell. retrorsus, Miinst. Beitr. H. 1.|...... coolly [levelene Kifel, Fichtelgebirge. Ural & Altai. 
2 tS 
16. |— striatus ............ de Fer. and d’Orb. 7. f. 6, 7. (non Sow. Sil.|...e00/+++|] y |l---]++- Paffrath, Bellignies. 
Syst., non Bronn, non Phil. pal. fos.) B. un- 
dulatus, Gold. Bonn Mus., Tab. nos. 
XXVIII. 6. anté, p. 353. 
17.|— striatus ............ Gold., Dech., Bronn, 1. f. 11; Phil. pal. fos.|......]-+- % ||-++|---/Newton, Plymouth, Bensberg? 
40. f. 198. 
18. |— subcarinatus ...... Mins i-s Beltre Elen SewlO. tei: deceasdeeuses sei natelenvils seel] y ||---|---|Elbersreuth. 
19. |— trilobatus ......... SOWes tle syst sebisel Oouloecttasanceeriedestcncnons | seal ...(Shropshire,S; Felindre, Baggy Point,D. 
20. |— id. var. b,c. ...... Bil opal. fos, 40. fo. 200. bectaotoccstcestecswastial casas ve .-|.../Torquay, Daun, Petherwin. 
21.|—tuberculatus ...... de Fer. and d’Orb. 8. f. 7-10; B. nodulosus,]...... cer ; -.|Eifel, Paffrath, Goslar. 
Gold. (Bonn Mus.) Tab. Nos. XXVIII. 9. 
ante, p. 353. 
22.|— Volkofensis ...... NODs, CUE.) weeMvadbuadasenicabedcawees «Waeadeces oumelaties «++|] y ||---|-«-(Lchudovo, Prussino near the Volkof. 
23. |— Wenlockensis...... Sow. Sil. Syst. 13. f. 21; id.? Phil. pal. fos.}...... x || x ||---|---] Wenlock, S., Newton, D. 
40. f. 203. 
24.|— Woodwardii ...... Naut. id. Mart.; Petrif. Derb. 35. f. 4, 5. B.|...... «++l] x ll |---[Newton, D.; Yorkshire, Derbyshire, 
id. Min. C. (Index) 571 ; Phil. Geol. Yorks. Treland, Tournay, Visé, C. 
Parti2..17.f. 1.203 snid.(Pal..fos.40./f. 201: 
1.|Porcellia cincta ...... Munst. Bettas bl pSeipaS feextes etaa:epeeesdd?sseelvect veoll x -.|Elbersreuth. 
2.|— parvula ............ Id; 30. ADs ecejeaa stewie ewushlanwiaede deans pues i¥ites ostersxat voll jib. 
PTrEROPODA. 
| 1./ConulariaBrongniartijnob. Tab. Nos. XXXI. 6, a, b, c. ante, p. 353.)...... deal ...Néhou (La Manche). 
| 2.\— Gervillei............ nob. Tab. Nos. XXIX. 3, 4. ante, p. 351. ... x | || llee-[e+e}Kemmenau, S., Néhou, D. 
| 3.|— Gerolsteinensis ...jnob. Tab. Nos. XXXI. 5, a, 6. anté, p. 352. |...... cool] y |l--+|-+-|buitel. 
MA i — Ol Nata.........ece00. nob. Tab. Nos. XXIX. 5, a. ante, p. 352. ...1......|..- y |le-[--flb. Refrath. 
GasTEROPODA. 
1.|Rostellaria angulata..|Phil. Geol. Yorks., Part 2. 16. f. 16. .........}......[eeel[eee|{ers » |Silesia, Bolland, Valdai. 
Zoi? (ind.). - ....s...000. NO Dive ceccsacsccansncgeeritessaenewdsosuesceacesssesines ate seclbo {teravbers 
1.|Buccinum acutum ...|/Min. C. 566. f. 1; Sow. Geol. Trans. vol. v. ie » |x |---|Plymouth, D; Whitewell, Bolland, 
57. f. 23; Macrocheilus, Phil. (pal. fos. p. Northumberland, Kildare, Ireland, 
104) has not adopted the reference with Visé, C. 
the shells of the carb. limest. 
2.|— arculatum ......... Buccinites id. Schlot. xiii. f. 1; Tab. Nos.}...... soell -.|Paffrath. 
XXXII. 1. ante, p. 354. 
Bi DLCVE eccrccseseense Min. C. 566. f.3; Macrocheilus ? id. Phil. pal.|...... voll y -.|Plymouth, Newton, Bradley. 
| fos. 39. f. 193. 
| 4.J— id. var. ........000 MOMS ORLE ND VO OMidacesecseeev cases careesessisenses|inived|ese  ||---|---|Paffrath. 
| 5.|— imbricatum......... Min. C. 566. f. 2; Sow. Geol. aaa melita coves » ||* |---|[Plymouth, Bradley, Newton, D. ; Isle 
57-t. 23; as Phil. Geol. Yorks. Part 2. 16. of Man, Yorkshire, C. 
felis 20; Macrocheilus id. ? Pal. fos. 39. 
f. 194. 
6.|— Schlotheimii ...... nob. Buce. subcostatus, Schlot. 12. f. 3; Ma-|......]... Ruillewelees Newton, Paffrath. 
crocheilus arculatus, Phil. pal. fos. 60. f. 
194* ; Tab. Nos. XXXII. 2. ante, p. 354... 
my Macrocheilus elonga-|Phil. pal. foS. 39. £195. | .cccccsscccesccsecensee|sceers podlltn Weel ese ib. 
tus. 
2. |— neglectus ......... (BO Web te LICE), Graobace: ne: code CLERC DORCOAEE SORES RCA LURES eM ecelaes Brushford. 
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| Dev.&Carb. Sp. 


AuTHORS AND REFERENCES. 


The numerals refer to Species described and figured in 
this Memoir. 


GENERA AND 


Localities in Europe. 
SPEcIEs. 


Elsewhere, 


Sil. Sp. in Rhen. 
| Dev. & Sil. Sp. 
| Devonian Sp. 


-|Murex harpula ....../Min. C. 578. f.5; Macrocheilus? id. Phil. pal. 

fos. 39. f. 197. 

-|Loxonema Hennahi-|Phil. pal. fos. 38. f. 184; Terebra id. Sow. 
Geol. Trans. vol. v. 57. f. 22. 

AER eehegtOS: RAB MINUS DEL cnicrcesceorsavacnseoese 

id. ib. f. 183; Tereb. id. Sow. Geol. Trans. 
vol. v. 54. f. 17; Mel. arcuata, Miinst. Beitr. 
Is 1S wif 12: 

Phulpals fobs SSG. 187. Gd, 0,-Co sevevescecosencieeers tee 

Phil. pal. fos. 38. f. 182 ; Tereb.? id. Sow. Sil.|.--++- 
Syst. 8. f. 15. 

McD OOM MLS Mieceacasesnvesessccecacesecascsess|sseoee tee 

id. ib. 38. f. 188; Mel. id. Geol. Yorks. 16.]..---- tee 


* 


.|...|Plymouth, Bradley, Newton. 
aleeeltbe 


* 


../Barton. 
..(Newton, Petherwin, Schitbelhammer. 


is. a | No. of Species. 
* 


-|— nexilis 


.../ib. Plymouth, Chudleigh. 


-|— preterita ; 
..|Aymestry, S., Petherwin, D. 


-|— sinuosa 


.../Newton. 
..|ib. Brushford, D.; Lake Ilmen, Otter- 


-|— reticulata 
-|— rugifera 


f. 26. 


id. ib. f. 186; Mel. id., Geol. Yorks. Part 2.|--.--- tee 


LO i.) 2 


-|Murchisonia angulatajid. ib. 39. f. 189; Rostellaria id. ib. 16. f. 16. 


10. Vals (Gs. wscove 


-|— bigranulosa 


-|— id. Var. @. «+0... 


Fad vare Oi) essen 


-|— bilineata 


-|— id. var. @. ..eoee 


-|— binodosa 
-|— coronata 


-|— id. Var. G. .ecose 


-|— geminata 
-|— intermedia 


-|— id..var. Gd. ..s00e 
.|— intermedia, var. b./nob. ante, 


-|— spinosa . 


. |— teeniata 


. |— tricincta 


-|— Id. Var. G. ceccoe 


-|— id. var. b. 
-|Turritella acus (Sar-|de B. Gon. u. Clym. in Schl. f. 16. p. 18.... 


_ 
KF OCOoOODNAMAR WD 


_ 


Oe W Po 


cata). 


-|— antiqua 


— compressa 


-|— conica 


— gregaria 
— lineata 


.|— obsoleta 


— tenuicarinata 


.|— trochleata 
.|— (indeter.) 
. |\Scholiostoma 


nenbergi. 


. {Turbo bicarinatus 


. |— carinatus 
.|— cirriformis 
. |— cirrhosus 


Tab. Nos. XXXII. 6. anté, p. 356. 


...nob. Tab. Nos. XXXII. 7. anté, p. 356. ...... 


nob. Tab. Nos. XXXII. 9. ant, p. 357. .:...- 


Murch. bilineata? Phil. pal. fos. 39. f. 191. 
Tab. Nos. XXXII. 10. anté, p. 358. 


eee DOO ma DeeNOSe ROMOXCUD. Lil i wccccsecssecrencesse 


nob. Turrit. and Melan. id. Gold. Bonn 
Mus., non Phil. pal. foss.; Tab. Nos. 
XXXII. 8. ante, p. 356. 


See LOD Hae ee eater eased as peece icpikecdeabedoessaescoces 


nob. Tab. Nos. XXXII. 12. ante, p. 357. 

nob. Turrit. id. and spinosa, Gold. Bonn 
Mus.; Beyrich, Verst. Rhein. Uberg. p.8. ; 
Cerith. antiquum, Stein., Mém. Soc. Géol. 
France, tome i. p. 367. Tab. Nos. XXXII. 
3. ante, p. 355. 


aeRO Dots caesinatelehs petites ssn oiciescincciciciciscmioecsesccens 


Hepa MOS PSO te OO NN: scseesssecesacassenes 
nob. Tab. Nos. XXXII. 4. ani?, p. 356. ...... 


...nob. Tab. Nos. XXXII. 5. ante, p. 356 


its 2130s comnsacacstc dogb Jno sane esEaaane 

Phil. pal. fos. 39. f. 192; Buccinum, Min. C. 
566. f. 4; id. Sow. Geol. Trans. vol. v. 57. 
f. 24-27. 

nob. Turrit. id. Phil. Geol. Yorks. Part 2. 16. 
f. 7. ante, p. 358. 

nob. Phil. pal. fos. 60. f. 190* ; Schizostoma 
id. Miinst. Beitr. H. 3. 15. f. 14. 


.../nob. Tab. Nos. XXXII. 13 a. ante, p. 358... 


nob. 


METIS HME CLLUSMEL SI OpMI Oe Tete, acececaescsccececs 
id. ib. f. 19. 
Soest Shih oe le ff: (sh: Anne SBCOBCR CaRECeCE REE 


MaiNSt. MOCILEe EN se el Nest DL veaeneccescecececes 
Sow. Sil. Syst. 3. f. 7-12 

Mainst, ‘Beitr. EL Somlipaite20. rach nesemaceeccss ce 
id. ib. f. 17. 

CMG VUES rin gedct Ben Sbood no noo EOE PC ABER ROOE 


Dan-|Braun. Jahrb. fiir Min. 1838, p. 397. ......... 


...|/Wahl., His. Leth. Suec. 12. f.3.; Buch. Gon. 


u. Clym. in Schl., p. 18. 
Sow. Sil. Syst. 5. f. 28. ¢ 
Sow. Geol. Trans. vol. v. 57. f. 19, 20. ...... 
TO-DOS VBU MUG UwAs iocnnsededesnecenaeveossncns 


. |— helicinzeformis ? + Hoen., De la Beche, Man. Fr. edit. ......ceceee 


..-.nob. Turritella abbreviata, Min. C. 565. f. 2;|--- 


burn, Northumb., Valdai, Vitegra, C. 
..|Petherwin, D.; Bolland, Ireland, 
Falckenberg, C. 

..-{ib. Brushford, Paffrath, D.; Bolland, 
Visé, C. 

-.|Paffrath, &c. 


-++{Ib. 
--|++-{ib. Bradley. 


dal eas lO 
--|ib. Néhou, Izé, Weipperfeldt, 19 miles 
East of Cologne, &c. 


«lib. 
..|---|Lustheide. 

-|Paffrath, Weipperfeldt, 
Miihle, &c. 


Miinchen- 


ib. 
.+|«+«/ Newton. 
--|««-|Paffrath. 
«lib. 
.|---| Paffrath. : 
--|Plymouth, Bradley, D.; Whitewell,C. 


[c. 
---(Gronau, Paffrath, D.; Yorkshire, Visé, 
--/Newton, Elbersreuth. 


--|Villmar. 
--|Ferques. 
Falckenberg. 


--|Elbersreuth. 
«lib. 
--|Horeb Chapel. 
Jee {ib. 
..|+++|Elbersreuth. 
--|Eloreb Chapel. 
..-|>++|elbersreuth. 
.|+lib. 
-..|Wissenbach. 
..{°++| Villmar. 


7 * * * * * * *® * 


* 


East Gottland, Dalecarlia, S.; Falcken- 
berg, C. 

...[+.-|Ludlow Promontory, S., Oberscheld, 
.|-..|Plymouth, [D 
...Wenlock, S.; Eifel, D. 


Ratingen. 
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6. |Turbo inflatus......... Miinst. Beitr. H. 3. 15. f. 25... dasieeives » ||.-.|...|Schiibelhammer. 
Me — NE rel |. cccscceecdeare 1d ibe fh, Doutaes sodas catacteescnenseasetmremcconsnsc|s o -.|Elbersreuth (Orth. lim.). 
Bii|— OVALUS...0.sseececsas idiib.; fa 24e0 lease Saliseceide eating seal tloys 
9.|— squamiferus ...... nob. Tab. Nos. XXXII. TA a. Ws P. 358. Aenellcacoes «|| x |]---|---|Limburg. 
10. |— striatus ............ His. Leth -Suecal2seiaie sccaeseueeccacatensescles|(ceelect x || « ||---|---[Gottland, S., Paffrath, D. 
11. |— subangulatus ...... Sow. Geol. Drans: voloyvaib7/- fe WSs). .reecnncae|ssirene see|| 5 |Jeee]---| Plymouth. 
12. |— textatus ............ Miinst. Beitr. H. 3. 15. f. 22; Phil. pal. fos.]...... see] % ||-+-]-«-[ Newton, Elbersreuth. 
Sieutenligae 
13.|— Willamsii ......... SO ve SH Shisis Suit, Os cee aosubecdapGaneoocsneqand losaere] Ade * ...|Horeb Chapel. 
1./Monodonta purpurea |nob. Tab. Nos. XXXII. 15 a. anté, p. 358....)..-.+-]... * ...|Paffrath, 
1./Trochus Bouei ...... Steintu2s ets 4euascaspedueteceaincsacieacistscerssecsaieleacises| aan % ...|Newton, Eifel, Paffrath. 
2.|— catenulatus? ...... Hoen.,,. Dela Beche, Mani, Fr: edits sccccsscsesclecssss|eee||e sells. » |Ratingen. 
3.|— helicites ..........4. Sow. Sil. Seis Gloltis HIS), Wapaetnmonndderisnocdacse x |x || « ||---]---[Ludlow, Daun, S., Horeb Chapel, D. 
4.|— Ivanii, var.......... nob. Lev. Mém. Soc. Géol. France, Gade Duleeeniseleee giles (aes) allman, dD, Tournay, C. 
f. 24. Tab. Nos. XXXII. 16. anté, p. 359. 
5. |— Neptuni............ NIMS Gat cline lle 37 ly fa De cesvicncectcuescaeslenectelens » ||-.-|...[/Schtibelhammer, Gattendorf. 
6. |— Petrzeos .........06. Nl amt emPewD) Neha rere nial alone Sa Sele ataln|n a'asin:¢ire ald’ a areve aida savare a lse'cisie'e < Boa) doin lay 
1.|Pleurotomaria aspera/Sow. Geol. Trans. vol. v. 54. f. 16.......ssssefereeer[ene fe ...|Petherwin, Barnstaple, Newton. 
2.|— Beaumontii ...... nob. Tab. Nos. XXXIII. 1 a. ante, p.361....}...... * ..|Villmar. 
3.|— cancellata ......... Tay Vers aoe haw alll 7/85 \ dan adducebaae oosucabeeny|codboy bce x ../Petherwin, Pilton, Newton. 
4.|— catenulata ......... nob. Tab. Nos. XXXII. 17 a. anté, p. 360....|......]... » ||---|-.-| Willmar. 
5.|— cirriformis ......... Sow. Min. C. (Index) 171. f. 2. an P. delphi-]......}... * ..|Plymouth, Paffrath ? 
nuloides variety ? 
6.|— Defrancii ......... nob. Tab. Nos. XXXII. 22 a. anté, p. 360...|......|... x || |---/Villmar, D., Visé, C 
7-|— delphinuloides .../Gold. (Bonn Mus.), Dech., Euomphalus id.]......|... « || * |---|Paffrath, D.; Ratingen, Tournay, C. |State of New 
Goldf., von Dechen’s Handb. p. 532; He- York. 
licites id. Schlot. 11. f. 4. Tab. Nos. 
XXXIII. 4. unté, p. 361. 
BEIGE VAT: ssceseccenes NODE Mab yIN OS pxononeUleL Aten se ects sueae ses 64 abecer ace || bod bodes 
9.|— deperdita ......... dex Kanincksdineds prratice-seo acre coca cee aceltaeeeel tae x ||---]...[Chimay. 
10. |— elegans ............ nob. Tab. Nos. XXXIII. 3a, b, c. ante, p. 360.]......)... - ...| Willmar. 
11. |— exaltata ............ nob. Tab. Nos. XXXIII. 5. anté, p. 361......}......|..- x ||--.|...[Refrath. 
M22 |— CXPANSA -.-...00000+ Phil. Geol. Yorks. 15. f. 4; id. Pal. 37. f. 179.]...... ..-ll x |] x |...,|Baggy Point, D., Bolland, C. 
Teej ETacilis ......--.0 id opale fOsmo (ol MUs Mane caastarcccssseccmonssceeltonons ..e{| x ||-+-[...(1b. Brushford. 
14. |— impendens ......... Sow. Geol. Trans. 57. f. 16; Phil. pal. fos.)...... .+[| x |[-+-]...[Plymouth, Newton, Hope. 
37 te W8O% 
15. |— limbata, var. ...... Phil. Geol. Yorks. 15.f. 18. Tab. Nos. XXXIIT.]...... ...|| x || x |.-.|Paffrath, D.; Bolland, Visé, C. 
2. ante, p. 361. 
16,|— Lonsdalii ......... nob. Tab. Nos. XXXII. 21 a. anié, p. 359....)...... Neellpeltteselees| Walla 
17. |— monilifera ......... Phil. Geol. Yorks. 15. f.10a, id. Pal.37. f.178.}...... «el ¢ ||» |...J. Newton, D.; Bolland, Visé, C. 
18.|— Orbignyana ...... nob. Tab. Nos. XXXII. 18 a. ani?, p. 359....|...... peelt xe ilese|-ocl Wallner. 
mOs\20. 4d. var. a, b. ...... NODsa Lab NOSHP MOMS Olde capes sar anal teeter Palle ..,ib. 
21.|— undulata............ Phil. Geol. Yorks. 15. f. 14. anté, p. 360. ...| ga » |Wissenbach, S., Bolland, C. 
eM ENESIN Barer nice a. -1- | sia ein a nistalelcusraicte slain setelafoia ad Gite chelainie peje clon salu seme be anjsiaid| Fueleanlleas e ...|Pafftrath. 
1.|Cirrus Leonhardii ...Jnob. Tab. Nos. XXXIV. 9, 9 a. anid, p. 365.]...... Sealife lincel saab 
2.|— rotundatus......... Min. C.429. f.!,2; Euomph. Dionysii, Gold.,}...... w|ees{[eee| , |Ratingen, Yorkshire, Northumberland, 
Dech. Handb. p. 532; id. Bronn, 2. f. 3; Namur, Sablé, Stolobinskoi, Valdai, 
Helicites trochilinus, ellipticus, Schlot. 10. Moscow. 
f. 2,3; Pleurotomarium helicoides, Fisch. 
Oryct. Govern. Moscou, p. 129. 
PE MIRREN nose see cle setircncccciaesscw see ocias «oapasisecta-crvindes eats saegahaliauecel oe x ||---|...|Paffrath. 
1.|Euomphalus annula-|Phil. pal. fos. 60, f. 172*. Tab. Nos. XXXIII.]......}... * ..{ib. Newton. 
tus. lla. ante, p. 363. 
2.\—catillus ............ Mart. Min. C. 45. f. 3,4; Phil. Geol. Yorks.|......|...||... .|, |Falckenberg, Derbyshire, Buxton,|Lake Erie, 
13. f. 1, 2; Schizostoma id. Bronn, 3. f. 10. Yorkshire, Visé, &c. State of 
3.\—circularis ......... Phil. pal. faa BOr top li plans ctaraasarste cess ny aneee ble alec: x ||---]...] Newton. New York. 
4.|— Goldfussi ......... nob. Tab. Nos. XXXIV.1, 1a, 2, 2a. ante, P-362.fe nis: » ||--.|.../Lustheide, Paffrath. 
5.|— granulatus ......... Whinst sBeltr giderSoulinth LOs: cwevssecccsessonsel meee |iae A ..|Elbersreuth, Gattendorf, Schiibelham- 
mer, &c. 
6.|— heliciformis ...... IM Stabe ibs) fs, Os qasesscess Recdneculsane sovedeselaanet elie: » ||-.-|...,Elbersreuth, 
7.|— helicinus............ La MUM pater ass sAneectedecsacetwmsecamnesdscecteree|eceues| ves ol eeellape Hb 
8.|— Labadyei ......... nob. Tab. Nos. XXXIII. 6 a, b. anté, p. 362.|......]... » || « |...|Paffrath, D., Tournay, C. 
QO, |\— levis . ......0..0000. Gold. Helicites priscus? Schlot. 10. f. 1; Tab.|......|... Se \la-|sa eo} batirath. 
Nos. XXXIII. 8 a. ante, p. 364. 
10, |— pentangulatus ...|Min. C.45.f.1,2; Phil. Geol. York. Part 2.|......}.. |...|]---] 4 [Ratingen; Yorkshire, Northumb., 
13.4, 03, Dublin; Tournay, Namur, Visé, 
Sablé, Dwina, Fedotova, Miatchkoya. 
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Localities in Europe. Elsewhere, 


Sil. Sp.in Rhen. 


| Devonian Sp. 
| Dev, &Carb., Sp. 


- |Euomphalusplanorbis|nob. Tab. Nos. XXXIII. 7 a. anté, p. 363.... vel] |]--|-+-|Paffrath, Villmar. 

-|— qualteriatus Schlot. 11. f. 3; Gold., Bronn, 2. f. 1. ante, % ||» ||--|---/Gottland, Oeland, Dalecarlia, Christia- 
nia, Revel, &c.,S.; Chimay, Paffrath, 
D 


i | No. of Species, 


-|— id. variety eee ...|--./Refrath. 
.|— Schnurii nob. Tab. Nos. XXXIV. 7,74,7b. es 364. a 1+.]-0 6] Hifel. 
-|— serpens Phil. pal. fos. 36. f. 172. wll q ||-«.{---|Petherwin, Brushford, Newton, &c. 
de Kon. (ined.) Tab. Nos. XXXII. 9 a, b. ay .../Paffrath, D., Belgium, Ireland, C. 
363. 
He Beitr. H. 3. 15. f. 8 c ...|-.-/Elbersreuth (Orth. lim.). 
: Aa eestor 
.|— subcarinatus ve Fale oeliDe 
. |— trigonalis Gold. (Bonn Mus.) nob. Tab. Nos. XX XIII. x lle |lee|---|St. Petersburg, S., Paffrath, D. 
10 a. p. 365 ; Spirorbis maximus, Stein. 22. 
1; Solarium petropolitanum. Pander, 1. 
f. 28. f. 3.14. p. 150. ante, p. 364. 
: Schizostomacontraria Mist. Beitr. H. 3.15. f. 13. see ...|..-(Schiibelhammer (Clym. lim.). 
ea ...|-.-/Elbersreuth (Orth. lim.). 
ia ib: e 12; Phil. pal. fbn. 37. fo 176d ay ...|.--/Schtibelhammer, Petherwin, Newton. 
nob. Tab. Nos. XXXIV. 8,8,8 b.ante, p.365. oe ...|..-|Hifel. 
nob. Euomphalus radiatus, Gold. (Bonu Mus.). we ..»|---{1b. Newton. 
Phil. pal. fos. 60. f. 171*; Tab. Nos. 
XXXIV. 3, 3a, 3 b. ante, p. 364. 
Rotella helicinzefor-|Gold., v. Dechen’s Handb. p. 533; Helic. id. 
mis. Schlot. PLE £56: 
Scalaria antiqua. Mist. Beitr. H. 1. 13. f. 1 beg ...|---|Elbersreuth. 
Nerita deformis Sow. Geol. Trans. vol. v. 57. f. 14. .........06 .|-.-|Plymouth. 
— semistriata Minst. Beitr. H. 3.15. f. 3. .|---|Schiitbelhammer (Clym. lim.). 
i Sow. Geol. Trans. vol. v. 57. f. 15 .|---|Plymouth. 
Miinst. Beitr. H. 3. 15. f. 4 ..|Elbersreuth (Orth. lim.). 
— glaucinoides Sow. Sil. Syst. 3. f. 14 .|---|Felindre. 
Natica margaritifera.|nob. Tab. Nos. XXXIV. 4, 4 a. ante, p. 366. .|-+-| Paffrath. 
— meridionalis Phil. pal. fos. 36. f. 173. .|-.-|Bagey Point. 
— subcostata nob. Nerita id. Gold. loc. cit. supra, p. 532. --|Paffrath. 
Tab. Nos. XXXIV. 5, 5a. ante, p. 366. 
— id. var. globosa...jnob. N. nexicosta, Phil. pal. fos. 36. f. 174; 
Tab. Nos. XXXIV. 6. 


a 
Doe Ww 


Dee Re 
SOOM 


_ 


..|Paffrath. 


* 


ue 
115 
2. 
3. 
4. 
5. 
1. 
2. 
3. 


* * * * K * KH K * 


--|Paffrath, Petherwin. 


* 


Feallicealiiseal==l Rams 
.|Melania prisca Miinst. Beitr. H. 3. 15. f. 1. ai ...|-+-|Elbersreuth (Orth. lim.). 
.|— striatulay® 2s... .».fid. (an Loxonema Hennahii, 38. f. 184. Phil.) Peale lea ale alg 
.|Pileopsis cassideus...Jnob. Tab. Nos. XXXIV.10,10 a. ante, p.366. wealfe..|[e-[++-]/Kemmenau. 
i Gold, von Dechen’s Handb. p. 531; de Kon, bes ...;++-|Couvin, Huy. 
(ined.) 
Min. C. 607. f.1,2,3,; Phil. Geol. Yorks. 14. Kae --|Plymouth, Newton, Eifel, Schiibel-|State of New 
f.19; Acroculia, id. Pal. fos. 36. f. 169; hammer, D ; Yorkshire, Whitewell;| York. 
Capulus canalifer, Miinst. Beitr. H. 3. 14. Tournay, C. 
Lindi 
Acroculia sigmoidalis|Phil. pal. fos. 36. f. 170. Bon ...|---|Lorquay. 
Parmophorus?........ Beyr. Verst. Rhein., &c., p. 14. yw leoel|e--|],..|-«-| Wissen bach. 
Capulus trochleatus.. Munst. Beitr. H. 3. 14. f. 28. seel| y [la e.|-+-|Schibelhammer. 
i sine yy aloes 
Schlot. Patellites antiquus, p. 113. .eal[eeels..] » |Ratingen. 
Miunst. Beitr. H. 3.14. f. 23. well y |l...|---|lbersreuth. 
boallli-eltlesellnoe| be 
— levigata id. ib. f. matcllettice le cetl ie 
— subradiata id. ib. f. 368 le 4a|Le 
i id. 1 ‘ seull yy |[...|-.-/9¢htibelhammer (Clym. lim.). 
Gold. (Bonn Mus.) ..+||.+-{]...[...| Wissenbach. 
-|Hoen. (ined.) vest ae ee elene|atel. 
(GHLEC) esa aniscecarcentcmeteenetemcebias decease cicccece des woolly |l...|-..|Pattrath. 


PEN ATR ODN 


BRACHIOPODA. 
.|Calceola sandalina ...|Lam.; Anom. Sandalium, Lin.and Gmel. (Cre- .+||  ||...]-..[Chircombe Bridge, near Newton ;|Perry county, 
pite, Crepidolite, Sandalites, &c., de Hiipsch, Chimay, Couvin, Eifel, Brilon, Lan-| States of 
Obser. Phy. t. iii. p. 150. 1.; Schrot.) genberg, Martenberg, Meschede,| Tennessee 
Schlot. Petref. p. 173 ; Bronn, Leth. Geog. Goslar, Néhou, &c. and Ohio. 
3.1.5 eb uil. pal. tos. 60. 1. 102*. 
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1./Orbicula plana ........ Muinst., Beitr. Hi73. 14 tp 22. .csesscens sspnal Peres leap | |---|--.|Schitbelhammer (Clym. lim.). 
2.|— laevigata ..........4. id. Ibs fe Ds: Psheseevetastet os teset a cseescsscn et tects | * |---|-+-|Elbersreuth (Orth. lim.). 
3./— subrugata ......... IdpTbstf -2Ose Pee esa esis esheets seal eae sy ifemelaae| EDs 
Beate—s (iN Geterm.)-.. 2. si.\|sseseneeensteaens merece edit eceaoeeissieen deteste xeaeee * ++ /+++|-+.{Kemmenau, Le Faou (Finisterre). 
1. |Lingula cornea ....... Sow. Sil. SiyattBvitn@ ap cddsnsdeclesesnsctss snips abienebel aa’ x ||---|---/Tin Mill, Dorpat. 
7°, |= (aff. CORNEAL) saa cconerictenc ee eaease ce mecais s pacie=seselbi % ||---|---|Lethmate. 
1./Crania obsoleta ...... GoldPRetrefsilGa aiyOmer tcc cach ao oeiete)-sisecgsalessselpe- x ||-+-|---[Eifel. 
2.|— proavia ..........06 IA dbS fMlOeb aocerecttatten cctcanesaaeceeeeneceesceaalinbee sean x ilee-|ese|Ds 
1. |Terebratula acumina-|Anom. Mart. Pet. Derb. 32. 33. Min. C. 324.|...-..|... » |« | |Barnstaple, Plymouth, Newton, Eifel, 
ta. f. 1; Phil. Geol. Yorks. 12. f. 4; id. Pal. D. ; Cork, Yorkshire, Queen’sCounty, 
fos. 35. f. 159. Whitewell, Tournay, Visé, Sablé, C. 
2./— ambligona ......... bik, palsies Ge LIGA Maca, cncrasdevsasunacepesloesge eds > ..|Barton, Babbacombe. 
3./— amygdalina ...... Bonn’ Mussan Der: calqual?)...t...cescsesoesce. ee ley ll-alllced aoc me 1a anc Niederosbach, S., 
| ifel, D. 
4.|— anceps............04. egKonm (Med) iiss cceteass pscalsocds aa douucees aacusalests selaas x ||.-.|--.(Couvin. 
5.|— angularis ......... Bint (eel, Wolse state WOR Boo cneccsocAospaseeecsdsljadbecd bad » ||---{---[Barton; Eifel. 
6.|— anisodonta......... id. ib. 34. f. 154. aff. Ter. pleurodon............[s++++«/+.- Paliene pod tle 
7-|— aspera .......seeee Schlot. 18. f. 3. (an prisca, var.?); Atrypa] « | || x | ..,Gottland, Banks of the Langenaubach, Pennsylvania. 
Dalm., His. Leth. Suec. 21.f.12; Phil. pal. Aggerthal, S., Plymouth, Newton, 
fos. 33. f. 144. a-d. (non Atr. asp. Sow.) Torquay, Eifel, Paffrath, Refrath, 
Atrypa squamosa, Sow. Geol. Trans. vol. v. Hagen, Voroneje, Rhisne, D. 
Bot. 2. 
8. |— Dbifera ............64. Phil. pal. fos. 34. f. 151, aff. At. latissima,|...... eo ../Torquay. 
Sow. Geol. Trans. vol. v. 56. f. 25. 
9. |— borealis ............ Schl., de B. Mém. Soc. Géol. Fr. t. iii. p.1173] * | |lx ..|Ludlow, mouth of the Lahn, Braubach,|State of New 
Atrypaid. Conrad States’ Report, NewYork, S.; Refrath, Eifel, Newton, Ogwell,| York. 
1840, p. 202; T. lacunosa, Schl. Nachtr.20. Plymouth, D. 
f.6; Sow. Sil. Syst.5.f.19; non His. 23. 
f. 3. (affin. T. plicatella, Dalm., His. (non 
Sow. Min. Con.) T. crispata, Sow. Sil. Syst.; 
T. Stricklandii, id. ib.) 
10. |— Buchii .............. Mains. -Beitreikl. Seedae fee bee cap osacecsccamtartsee lane x ||---|---|Elbersreuth (Clym. lim.). 
11. |— caiqua ...........44. nob. Tab. Nos. XXXV. 1 a, b. anté, p. 367...|---+++|.+ * ..|Paffrath. 
i23\—"camelina ........... de Buch Beitr. Gebirgs Russland, p. 115; (T.|...-.-|..- ie |llctetel coal We leate iotceleptele gaa. eisisieasisieytds oe paideeacenaciesecs Ural 
impressa, Eichw.) 
dei — Cassided.........-.. Atrypa, de B. Mém. Soc. Géol. France, t. 3.|-..-+- Pallies ..|Wenlock, Ludlow, East Gottland, S. ;|New York. 
19. f.12; id. Dalm. Vet. Acad. Handl. 1827, Newton, Ogwell, Couvin, Eifel, 
5. f. 5; id. His. Leth. Suec. 22. f. 6; Phil. Refrath. 
pal. fos. 34. f. 148; (non Ter. Cassidea, 
Bronn.) 
14. |— cingulata .......... Mitnst..Beitr i 14, fee Ge. | Lcsapcalecnient * ..|Elbersreuth (Orth. lim.). 
15. |— concentrica......... de Buch; loc. cit. supra, p. 214; Murch. Bul.}......|... alee ese Newton, Torquay, Ferques, Chimay,|State of New 
de la Soc. Géol. de France, t. xi. 2. f. 1 a,8,c, Couvin, Huy, Néhou, Eifel, Refrath,| York? Sere- 
p- 251. an Atrypa id. Conrad. ani2, p. 366. Hiibigenstein, Tchudovo. brianka 
16. |— comta............... Philitipaltoss3o. feelOlsaa.ce sects seescaceassaheesies well |]---|---[Barton. (Ural). 
17. |— crumena............ Min. 6. 83. f. 2, 3, quoted by Dannenberg...|.----.|... x || » |---|Heigerselbach? D.; Derbyshire, Visé,C. 
18. |— crispata ............ SOS On std ML DeedemN scl, scekgsassitsnosasree lees ve «* || * |]---|---/Wenlock Edge, S., Couvin, D, 
19. |— didyma............ Dalm. Vet. Acad. Handl. 1827, 6. f.7; Atrypal..-... x |lx‘]|...|-.-[Ludlow, Wenlock, Gottland, S., 
id. His. Leth. Suec. 22. f.7; Sow. Sil. Ural, D. 
Syst. 6. f. 4; T. corculum, Ejichw., re- 
ferred to the T. sacculus by von Buch; 
Beitr. Gebirgs. Russland, p. 112. 
20. |— elongata............ Schlot.. 20:2 2) Min; ©7446, £. 2, Suecsscance|ss+saelar- » || |---|Griindt (Hartz), D., Gliicksbriign. [State of New 
York. 
21.|— explanata ......... Schlot..18.f. 2; His. Leth. Suec. 21. f. 11.|.....- We ..|Gottland, West Gottland, S., Eifel,/Serebrianka. 
c. d. (an T. prisca, var. ?) Refrath, Paffrath, D. 
25), \ ag) de Buch, Mém. Soc. Géol. France, p. 182,|+.+++|..- ‘3 ..|Plymouth, Newton, Barton, Eifel, 
17. f. 4; Phil. pal. fos. 3. f. 163; Tab. Villmar. 
Nos. XXXV. 3d. anté, p. 368. 
Dal 10> Var: G. «01.00. BOD Ra Dus OSE OROAVE ISN sock sweeaabieotascteslecs«uclree % ||---[-+-| Eifel. 
24.|— id. var. Bb. ......4.. MLOU Th ADP NOS: EXON 613 Doioncnoedorecieaearcsrr|eavecelope 5 . fib. 
25. |— galeata ............. Atrypa gal., Dalm., His. 22. f. 1; Ter. id. de B.]...... aha ..|Dudley, Wenlock, Gottland, S. ; Eifel, 
loc. cit. supra, p. 176; Sow. Sil. Syst. 8. D. 
f. 10,12. f. 4; Bronn, 2. f. 9, under the 
name of Ter. Cassidea; Pentamerust, 


+ We consider this species as a true Pentamerus. 


3E2 


- |— Helmersenii 
29. |— laticosta 


-|— lingularis 
32.|— Livonica 


-|— Meyendorfi 
-|— monticulata 


36. |— nucula 


-|— pleurodon 


-|— primipilaris 


-|— id. var. major 
.|— proboscidalis 


.|— reniformis 


.|— rhomboidea 


46. |— rotundata 


.|— Stricklandi 
.|— subglobosa 
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AUTHORS AND REFERENCES. 
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is Memoir. 


ee SS Oe ee 


Conrad, States’ Report, New York, 1840, 
p- 202; Sp. plicatus, Stein. loc. cit. p. 359. 


-|Terebratula Gryphus.|Schlot. Petref. 19. f. 1; Uncites gryphoides, 


Defr. Dict. Sc. Nat. ; Ter. Gryphus, Bronn, 
2. f.6; Gypidia gryphoides, Gold., Dech. ; 
Handb. p. 527. anté, p. 367. 

Min. C. 446. f. 2,3; Phil. Geol. York. 12. 
f. 1; id. Pal. fos. 35. f. 168. an T. sac- 
culus? 

de B. Beitr. Gebirgs. Russland, p. 59........-- 
Foal apeMtONe SAC OVO Sr. lees, ecasacensicee cele nes 
Gold. Bonn Mus. ; nob. Tab. Nos. XXXV. 2 
a, b, c. ante, p. 368. 


WEST MESCIOM cEIe a4: Gil Sec cccceceenesesersse 
de B. Mém. Soc. Géol. France, 14. f. 5. id. 


Beitr. Gebirgs. Russ. p. 61. 

Min. C. 277. f. 11; Lonsd. Geol. Trans. vol. 
Ve Pi fore 

HODEANEU ee eneetar asia cscsicecrsseeececcacnesies set's 
Schlot. Petref. p. 281. (quoted by M. Heen- 
inghaus, Verst. Samal.) 

SOW ee VStT Ome DOr ncecnarcesecsceoesassees 


Phil. Geol. Yorks. 12. f. 25, 26, 28; id. Pal. 
fos. 35. f. 155? T. connivens, Eichw. ap. de 
B. Beitr. Russl. p. 124. 


Schlot. Petref. 17. f. 2; Sow. Geol. Trans. 
vol. v. p. 703, and de B. loc. cit. p. 176; 
Atrypa id. Phil. pal. fos. 33. f. 145; Tereb. 
affinis, Min. C. 324. f. 2; Atry. id. Sow. 
Sil. Syst. 6. f. 5; Atr. aspera, Sil. Syst. 
and id. Sow. Geol. Trans. vol. v.; Atry. re- 
ticularis, Dalm. apud His. 21. f. 11.; Tereb. 
id. Bronn, 2. f. 10. (non id. Schlot. and von 
Buch). 

Schlot., de B. 16. f.16; Atrypa id. Sow. Geol. 
Trans. vol. v. 57. f. 56; Spir. pentagonus, 
id. Encyclop. Metrop.; Ter. parallelipipeda, 
Bronn. Leth. Geog. p.71, non T. Wilsoni, 
id. 


nob. T. Wilsoni, Bronn, 2. f.11; non id. Min. C. 


Me PAU NLOS OAT T-VL49,(G,'D. cescscucccesecsens 
Min. C. 497; Phil. pal. fos. 35. f. 156; 
Atrypa id. Sow. Geol. Trans. vol. v. 56. 
f. 153-18- 

Min. C. 496. f. 1-4; id. Phil. pal. fos. 35. f. 
HY fe. 


Phil. Geol. Yorks. 12. f. 18-20; id. Pal. fos. 


35. f. 158. 
Minst. Beitr. H. 3. 14. f. 15; Atrypa id. 
Sow. Sil. Syst. 13. f. 7. 


LSA AG he Save ite ele Meee aman eesiae suisse nedéueceee 
Mart. Min. C. 446. f. 1; Phil. Geol. Yorks. 12. 


f. 2; id. Pal. fos. 35. f. 166; T. hastata, 
de Buch. 

de Vern. Bul. Soc. Géol. Fr., t. xi. 3. f. 2. p. 
261. 

Sow. Sil. Syst. 13. f.19; aff. T. borealis....... 


Golde (Bonn Musi eter-mereeiieneessvacsdiecec wae 
MEStA DELLE. Eleedn Lemna ieecen nines va Qeccys|eeicees bis 
Pit pal StOss SOL Gs wore tnd riova since stcieeien ese otc sf0 


nob. Tab. Nos. XX XV. 44, b. ante, p. 367 


Min. C.118. f.3; de Buch, Mém. Soc. Géol.|...... } 


Fr. p. 148; nonid. Bronn, Leth. Geog. 2. 
f.11; T.lacunosa, Dalm. Vet. Acad. Handl. 
1827. 6. f.6; His. Leth. Suec. 23. f. 3. 


Sil. Sp. in Rhen. 
Prov. 


| Dev. & Sil. Sp. 

| Devonian Sp. 

| Dev. &Carb. Sp. 
Carb. Sp. 


..Salchendorf near Siegen, S.; Paffrath, 


..,Newton, D.; Dublin, Derbyshire,|Chain of Altai. 


.../Lake Ilmen. 
.|...(|Barton. 
ooo... |ifel. 


...|..-|Elbersreuth (Orth. lim.). 
../Adsel, shore of the Aa, Isborsk. 


../Plymouth, Newton, Blankenheim, D.; 


..|Pilton, Croyde, Petherwin, D.; Der-|Smeinogorsk 


../Siegen, Gottland, West Gottland, St./Ural, Smein- 


..|Plymouth, Newton, Eifel. 


.|.../Bensberg, Eifel. 
.|...| Torquay. 
..|Plymouth, Newton, Barton, D; Ire- 


* 


...Newton, D.; Dublin, Cork, Whitewell, 

..|Barton, D., Whitewell, Yorksh., C. 

..|Wenlock Edge, S.; Schiibelhammer, 
D 


‘lib. (Clym. lim.). 


eee 


_.|Eifel. 


.|...|/Daun, Longhope, Unkel. 
|...|-..|Niederosbach. 
|.../Schiibelhammer (Clym. lim.). 
.|.../Barton, Ferques. 
...|Eifel. 
..|Aymestry, Eastnor Park, west side|States of Ten- 


* eS 


Localities in Europe. Elsewhere, 


Villmar, Hagen, Schwelm, Wetzlar, 
Oberbicht, D. 


Yorksh., Queen’s County, Bristol, 
Limerick, Visé, Peredki, C. 


Ireland, C. 
Volkof, Pskof, Livonia, Vitchedga. 
Blankenheim, Eifel. 


Ludlow, Dudley, Delbury, S.; Horeb 
Chapel, Felindre, D. 


byshire ; Yorksh., Whitewell, Coal-| in Altai 
brook Dale; Tournay, Visé, Silesia,} chain. 
Lake Seliger, Valdai, C. 


Petersburg, S.; Thracian Bospho-|} ogorsk 
rus, Plymouth, Torquay, Newton,| (Altai), 
Ferques, Chimay, Couvin, Huy,} State of 
Eifel, Paffrath, Refrath, Lustheide,| Ohio, New 
Hiibigenstein (Hartz), Lake Ilmen,} York, and 
Volkof, Voroneje, D. Tennessee. 


land, Tournay, Visé, C. 


Yorksh., C. 


Barton, D.; Blankenheim, Yorksh., 
Northumb., Coalbrook Dale, Visé, 
Cc 


Malvern Hills, Gottland, Isle of} nessee and 
Dago, S.; Chimay, Couvin, Bel-| . Ohio. 
gium, Néhou, D. 
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A a AA /1A 

1. |Strigocephalus brevi-/Phil. pal. fos. 32. f. 143. ......ssssseeccseesreese|ecoeee Se5 | ..|Newton. 

rostris. 

2;\— Burtini ...........- Def., Dict. Sc. Nat. Blainv. Man. de Malac.|...... ach ies -.|Newton, Bradley, Combe Martin, 
75; Bronn, Leth. Geog. 2. f. 5; Phil. pal. Hagginton; Chimay, Eifel, Paffrath, 
fos. 32. f. 141; Tereb. rostratus, Schlot. Villmar,Wetzler, Dietz, Brilon, Me- 
p- 260; Tereb. porrecta, Min. C. 576; f. 1. schede, Martenberg,Schwelm, Weip- 
Tereb. Strigocephalus, de B. Mém. Soc. perfeldt, 19 miles E. of Cologne, 
Géol. Fr. tom. ili. p. 230; Str. giganteus, banks of the Lahn, Serebrianka. 
Sow. Geol. Trans. vol. v. 56. f. 10, 11; 

Phil. pal. fos. 32. f. 142. ante, p. 368. 
3.|— dorsatus ............ Gold.(Bonn Mus. )nob.XXXV.5a. anté, p.369.|......]-+- | beel boc Paffrath. 
1.|Pentamerus Knightii |Min. C.28; Sow. Sil. Syst.6. f.8.anéé, p.369.| Ry | ee ec Hartz, Greifenstein, Hohenzolen, Ay-|State of 
mestry, Sweden. New York. 
1./Atrypa crenulata...... Sow. Geol. Trans. vol. v. 56. f. 17; Tereb. id.|......]... x |leeefees Plymouth, Barton. 
Phil. pal. fos. 34. f. 152? 

2.|— cuboides ............ id. ib. 56. f. 24; Tereb. id. Phil. pal. fos. 34.]......)... x || * |---lb. Hope, Chimay, Eifel, D.; Visé, C. 
fe 150: 

Sei— CUIVAtA ..ocscreees Ter. curvatus, Schlot. Petref. 19. f. 2. posted,| 4 |...|]--.||---|-+» District of the Eifel. 

p- 408. 

4.|— decussata ......... id. ib. 54. f. 5; Spirif. id. Phil. pal. fos. 28.]......|... xm |[ecefees Petherwin, Brushfort, Baggy Point, 
f. 120. Pilton. 

5.|— desquamata ...... id. ib. 56. f. 19, 20; Phil. pal. fos. 33. f. 146.]......]... x |lerefees Plymouth, Newton, Petherwin. 

6. |— fallax ..........0.06. Id, Ibso4ste Lois raltn dl pleuUnOdOM.-c.se.sseeo|sereeclee y |\* ?|---|Barnstaple, Petherwin, D.; Yorksh. C. 

7.|— hispida ............ DIN OL MAN Me ncchanerscetousiiencaedcencawel accede Palllged| bao Petherwin. 

8.|— impleta ............ NID (fo Tl De prememetien tcc scala cet ve ctcieatesttstessiactsalziounes x |leeefer Plymouth. 

9. |— implexa ............ HM S Ga 4icts cee censenaees Matsa science amemetsaioy oateniclie soles x [feeefeee ib. 

10. |— indentata ......... id. 54. f. 6; aff. A. obovata, Sil. Syst. 8. f.9.]...... sell ye |[eeedees Petherwin, Barnstaple. 

11.|/— juvenis ............ id. 56. f. 8; Tereb. id. Phil. pal. fos. 35. f.165.|...... veal ae f[eeefeee Plymouth, Barton. 

12.|— Lacryma ......... IGM abet O Soe Ses eacte kee: commucc posal once BSE REe Be a) (eRe aeclllee lieder ib. 

13. |— latissima............ id.ib.f.25; an T. bifera? Phil. pal. fos. 34.f.151.|...... wooll g oe eters ib. 

14. |— oblonga ............ legos abled Orca can oacr nics same cele itascde acide aeaes neal davods caall ge d[emalees Barnstaple. 

15.|— plebeia ............ id. 56. f. 12,13; Spirif. id. Phil. pal. fos. 28.)...... wool] ge [lee efers Plymouth, Barton; Eifel, Elbersreuth. 
f. 121; Tereb. subcurvata, Minst. Beitr. 
Hi S514f54)5, 5; 6. 

16. |— protracta ......... Sow.iGeol. Uransyvoloy. 56. f. 10:...1;0..scueslevesce|oss % |leeefer ib. 

17.|— spherrica............ Sow? 'Geols’Transswoliiv. B72 £. 3. sisccscccediensscleve x [reefers Plymouth, D. 

16. |— striatula ............ ids G4. TON (Guy AGASENN i ocsdi ke chub Leona there critsaaleae Fowey, Petherwin, Barnstaple. 

19. |— subdentata......... id.ib.f.7; Tereb.id. Phil. pal. fos.35.f.164; an}......]... x [error Petherwin, Schiibelhammer ? 
Tereb.rotunda? Miinst. Beitr. H. 3.14.f.15. 

20.|— triangularis ...... Sow... Geol.) Pransyvoleve 04. £2.90). .0c0c.cc-c|acdeon) =e x |leeefere ib. 

PU —— CEMODA.ecesesecveeses (ts Hs OS at Oe aera CHOI soroan HOS GAGE OR AR CORSE eo anes ina x |leeeters ib., Newton. 

22.|— unguiculus......... id. ib. f.8; Spirif. id. Phil. pal. fos. 28. f.119.}......]... x |feeefees Petherwin, Barnstaple, Pilton, Barton, 

Brushford. 

1. |Spirifer affinis......... Sow. Geol sUrans voliv.0b yi fail li... sececvade|ncciescleus ax |freefers Plymouth. 

2.|— aperturatus......... Schlot. 17. f. 1; Sew. Geol. Trans. vol. v. p.}......|... we |eeefere Newton; Eifel, Refrath, Paffrath, 
704; Phil. pal. fos. 30. f. 133 ; Trigonotreta Linton. 

id. Bronn, 2. f. 13; Tereb. canalifera, Lam. 
2nd ed. tom. vil. p. 341; Delthyris id. 
Gold., Dech. Handb. p. 526. anté, p. 369. 
Bel ideerat@. cuspi-\nob, Lab. Nos. XX XV. 7) Gsccscsscscscseccceoscolecsess y ||-.-[-+-|Paffrath, Refrath. 
datus. 
4.|— id. var.echinulatus|nob. Tab. Nos. XXXV. 8 G........c.coscssesseseleceee » ||---|---|Bensberg. 
al —— Anchiaciines.002..- Murch. Bul. Soc. Géol. France, t. xi. 2. f. 4,|....../.0. » |/-«.|---|Ferques, Tatimont, Chimay, Voroneje. 
W252. 
6.|— Bouchardii......... EDV Meo) DO ascarid Us dss ong aaasede vas ota Bees x |[-s{--fib., Chimay. 
(-\— calcaratus ......... Sow. Geol. Trans. vol. v. 53. f. 7. an. Sp.|......|... » ||---|---[Barnstaple. 
Verneuili? 
8. |— id. var. a, b, ¢...... Pia PENIOS, AOL: DEB eves saree aneasaneccsaeecleaccnalsce . ..|Petherwin, Taunton, Pilton, Baggy 
Point, Hope, Yealmpton. 
9. |— Cheiropteryx ...... nob. Tab. Nos. XXXV. 6, a, b. ant?, p. 370.|......|... » ||---|---|Paffrath. e 
10.|— connivens ......... Phil. Geol. Yorks., Part 2. 11.f. 2. anté,p.371.|......)... x || |---|Ferques, Eifel, Paffrath, D.; Vise, 
Yorkshire, C. 

Mei icOstatus ............ Sow. Geol. Trans. vol. v. 55. f. 5-7; Phil.|......]... ieee ee Tintagel, Fowey, Torquay, Meadfoot 
pal. fos. 30. f. 134. Sands. i . 

12.|—crispus .........6.. Sow. Sil. Syst. 12. f. 8; Delthyr. id. Dalm.,)...... x llx lle [---/Wenlock, Gottland, S.; Eifel, Sote- 
His. Leth. Suec. 21. f. 5. nich, D.; Ratingen, Visé, C. 

13. |— curvatus............ Schloter REmetemlOwteeDovareaescuarsencsenscsesen|e teeth aee a |leeefeee Paffrath, Kifel. 
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14. |Spirifer cuspidatus...|Min. C.120, 461. f. 2; Phil. Geol. Yorks. 9. f.|------ '» /« |+-{Barton, Rocquigny, Eifel, Sotenich,|Davidson 
1-4; id. Pal. fos. 29. f. 124; Delthyris id. Pl D.; Bolland, Settle, Derbysh., Kil-| County, 
Conrad, States’ Report, New York, 1838, | || dare, Ireland, Tournay, Sablé, C. State of 
p- 109. Often confounded with var. a. of New York. 
S. aperturatus. / 
15.|— disjunctus ......... Sow. Geol. Trans. vol. v. 53. f. 8. id. 54.|...... * ..|Petherwin, Barnstaple, Torquay, 
f. 12,13; Phil. pal. fos. var. 29. f. 128, 129. Baggy Point, Yealmpton. 
an a variety of Sp. Verneuili ? fh 
TOw=idistanbia..vasceteee Min. C. 494. f. 3; Phil. pal. fos. 29. f. 128.]...... belle ine Newton, D.; Dublin, Bol- 
Wags st and, 
17-))=——extensus...-c-<->.<- ee Gea: Tae. roll, Sin A i gee bcebed eee * -»-|[Barnstaple, Petherwin, Taunton. 
18.|— giganteus ......... id. ib. 55. f. 1; Phil. pal. fos. 30. f. 130. ...|.+.++- » ||-++|-+-|Lintagel, Petherwin. ate ' 
19. |— glaber ..........006 Min. C. 269. f. 1; Ter. levigatus, Schl. p.|.---. » ||» |* |SOtenich, Bensberg? Hiibigenstein|State of the 
257. ant? p. 370. (Hartz), D.; Ireland, I. of Arran,| Ohio. 
I. of Man, Bolland, Liége, Ratin- 
gen, Serpoukof, Sablé, C. 
ee tat UTI ANION py LGD ce eecetei acre ees sco yeasi sess asciers ce viecdisioeestions|eerees] ace Ps ..|Paffrath. 
21. |— grandevus ......... PR pa MOSHSOS TOUS) coc .eresesscecseeouscons| enema * ..|Petherwin,. 
22.|— heteroclitus ....... de Blainv.; Malac. 50. f.3; de Buch, Mém.|...... % |leeefeee Barton, Newton; Chimay, Eifel, Vill- 
Soc. Géol. France, iv. 8. f.11; Calceolaid. | mar, Ferques. 
Defr. Dict. Sc. Nat.; Phil. pal. fos. 29. 
f. 125. ante, p. 370. 
23. |— hirundo .:.......... PRaeepel ding SAE ID, B,C. wc ensscoonnnnlerrees|ane # ||-oefere Hope, near Torquay. 
24. |— intermedius ....... Schlot. 16. f. 2. an S. speciosus, var.?......... * ae |looelers Coblentz, Abentheuer, Gloucestersh. ?}Mount 
Herefordsh.? S.; Eifel, Hartz, D. Alleghany. 
25./— inornatus ......... SOwerGeoleirance VOls ve Dov fe Q.. ceocsccsses.|seoees 54 |hipndfooe Ilfracombe. 
26. |— lineatus ............ Tereb. id. Min. C. 334. f. 1, 2; Spirifer In-|...... » || * |-+:|Petherwin, D.; Kirkby Lonsd., Nor- 
dex, Phil. Geol. Yorks. 10. f. 17; id. Pal. thumb., Derbysh., Visé, C. 
fos. 28. f. 120 a, and 58. f. 120*. 
27.|\— Lonsdalii ......... Murch. Bul. Soc. Géol. de France, t. xi. 2.]-.-.-- * -.|Ferques, Chimay. 
f. 2. p. 251. 
28.|— macropterus ...... Gold., Leonh. Taschenb. t.vii.; an S. microp-| * --|Houffalize, Wiltz, Long Wily, in the/Mount Cedar 
terus: id., an S. speciosus? var. Ardennes, Kemmenau, Lahn mouth,) in South 
Siegen, Braubach, Mosell, Heiger-| Africa ; 
selbach, S.; Eifel, Dombrowa near| Kunawa in 
Kielce, Schwelm, Goslar, D. the Hima- 
29.|— mediotextus ...... nob. Tab. Nos. XXXV. 9 a, }, c, anté, p. 370.|......|... & \leve|e>- (Eifel. laya ; States 
30. |— megalobus ......... PRM pbletOs Sl fe MEO. 5. ..00c.08scccsesseacce|erens » ||++-|---|Brushford. of the Ohio 
31.|— mesomalus......... TMA Nome MALS (oar We slalos cls eiside ea sloic in wee sate ossuel'slerineci|y ac * »-jib. and New 
32.|— micropterus ...... Goldf. Hysterolites hystericus, Schlot. Petref.| aeel[ecelens Kaysersteinel. York. 
29. f. 1. postea, p. 408. 
33. |— minimus............ Nanw©@.377. 1: 1-)@. acutus, Flem. Brit.|.....:|... » || * |-+-|Blankenheim? D., Derbyshire, C. 
Anim. p. 375.) 
SA ——Warclisonianusy.\UONCONs (ITEM, )=esccsteereviaessctacascecececncssniaferenns % |leee]oes Chimay, Ural. 
35.|— microgemma ...... PMN Pal etOss Zick. VUOS A, BO. ....vescccosecaeeferseee & |Jrvefers Brushford, Hope, near Torquay. 
SOs\—— MUS b.5.0cese cece ee Sow. Geol. Trans. vol. vy. 57. f. 8; Phil. pal.}...... al || oe Plymouth, Torquay. 
fos. 31. f. 138. 
37. |\— ODI AbUS- ....000c0 0005 Min. C. 268; Sow. Geol. Trans. vol. v. p. 7043]......|... x || « |* |Newton, Torquay, Eifel, D.; Ireland,)Van Diemen’s 
Trigonotreta id. Bronn, 2. f. 16; S. obtu- Derbysh., Visé, Ratingen, C. Land. 
sus, Min. C. 269. (lower figures) 
38.|— obliteratus ......... PE apa Le OMe So Ment MUS OEE cars ckessscss.esssieceslres00e pod lee baal eas Brushford. (Derbysh., C. 
39. |— octoplicatus ...... Min. C. 562. f. 2-4; Sow. Sil. Syst. 12. f. 7.)...... » || |«--|Wenlock, Mondrepuis, 8.; Eifel, D. ; 
40.|— ostiolatus ......... Tereb. id. Schlot. 17.f. 3; id. Stein. Mém.| , = [le ssiso0 Daun, S.; Newton, Linton, Eifel, 


.|— phalena......... 
.|— plicatus?......... 
.|— protensa......... 
.|— ptychodes ...... 
.|— pulchellus ...... 
-|—resupinatus ... 


see 
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Soc. Géol. France, t. 1. p. 359; Sow. Geol. 
Trans. vol. v.; Phil. pal. fos. 30. f. 132; 
Trigonotreta id. Bronn, 2. f. 14; Delthyris 
levicosta, Gold., Dech. Handb., p. 525. 


Sow. Sil. Syst. 3. f. 13; Delthyris id. 
Dalm.; His. Leth. Suec. 21. f. 8. 


seleowe Geol, Trans; VOl. Vi 57 .f. Qs .ccescecvsccecleccess 5a 
...|Tereb. vestitus and similis, Schlot. 15. f. 1, 2; 


Anom. resupin. Mart. Pet. Derb.49.f. 13,14; 
Tereb. id. M.C.325; Phil.Geol. Yorks. 11.f. 
1; Orthis id. pal. fos. 27. f. 119. and2, p.371. 
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Chimay, Huy, Couvin, D, 


Hope, near Torquay. 

Ratingen. 

Petherwin. 

Fownhope, &c., S.; Felindre, D. 


Plymouth. 
Newton, Barton, Mettmann, D. ; Ire-|State of New 
land, Derbyshire, Otterburn, Bol-| York. 


land, Visé, Ratingen, Sablé, C. 


No. of Species. 
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- |Spirifer rotundatus... 


-|— simplex 
- |— speciosus 


-|— striatulus 


-|— subconicus 


By /-—ISMDETDUS.cis/variecece 


-|— trapezoidalis 


-|— Verneuili 


— id. var. 
— vetulus 


LIB 


-|— antiquata 
-|— arcuata 


-|— circularis 
-|— concentrica 
-|— costata 


.|— demissa 


-|— Dutertrii 
- |— expansa 


.|— fasciculata 
.|— flabellulum 


-|— grandis 
-|— granulata 
.|— granulosa 
.|— Hardrensis 


AuTHORS AND REFERENCES. 


The numerals refer to Species described and figured in 
this Memoir, 


Sil.Sp.in Rhen. 
| Dev. & Sil. Sp. 


Min. C. 461. f. 1; Phil. Geol. Yorks. 9. f. 17; 
id..Pal. fos. 31. f. 139. 
Phil. pal. fos. 31. f. [362 w..2.2.0.0.cssesnveewse 


Tereb. id. Schlot. 16. f.1; Spirif., de B. Mém. 
Soc. Géol. France, t. iv.; id. Phil. pal. fos. 
58.f. 134*; id. Sow. Geol. Trans. vol. v. ; 
Hysterolites paradoxus, vulvarius, Schlot. ; 
Trigonotreta speciosa, Bronn, Leth. Geog. 
2. f. 15; Konig. Icon. Foss. Sect. 6. f. 71. 
Tab. XXXVIII. 5. posted, p. 408. 

Tereb. id. Schlot. 15. f. 4; T. excisus, id. 15. 
f. 3; Atr. polygramma, Sow. Sil. Syst. 21. 
£45 a: 

Anom. id. Mart. Pet. Derb. 45. f.6; Spirifer 
id. Sow. Geol. Trans. vol. v.57.f.10; Phil. 
pal. fos. 29. f. 126. 

Eichw., see von Buch, Beitr. Gebirgs. Russ- 
land, p. 111. (affinis Sp. striatus). 

Sow. Sil. Syst. 5. f. 14; id. Geol. Trans. 
vol. v. p. 704; Cyrtia id., Dalm. ; His. 21. 
f. 1; id. Bronn,; 3..f: 3; Delthyris id. 
Gold. Dech. Handb. p. 525. ante, p. 370. 

Murch. Bul. Soc. Géol. de France, t. xi. 2. 
f. 3. p. 252; an Sp. calcaratus et dis- 
junctus? 


Eichw., see von Buch, Beitr. Gebirgs. Russ- 
land, p. 112. 
Sow. Sil. Syst. 20. f.16; Tab. XX XVIII. 14.| 


SOW eS eno Sts WS Meme scesaearen ssewaecadlaseo|sde ras * 

PhilkpAl fos AO chs WO a. .n.. decease cess caegea|seesse|oae 

Eichw., von Buch, loc. cit. supra, p. 108, 112.|...... ee 
(affinis O. flabellulum, aff. Buch). 

Phil. pal. fos. 58. f. 112* 

Swit abecxononw VT cals ee tets ode cls te wane hee 

Munst-obeitr He Sia laa t) WOn..tcwwecessceece 

Sow. Sil. Syst. 21. f. 11; id. Miinst. Beitr. 
His. 14%; 18) 

Dalm.; His. 20. f. 14; O. moneta, Eichw., 
see von Buch, Beitr. Gebirgs. Russland, 
p- 19; Productus extensus, hamatus, pte- 
ratus, pterygoideus, coracoideus, oblongus, 
elevatus, orbicularis, and semicircularis, 
Pander, Beitr. Russ. Reiches., p. 89 e¢ seq. 

Murch. Bul. Soc. Géol. France, t. xi. 2. f. 6. 
p. 253. 

Sow. Sil. Syst. 20. f. 
XXXVITI. 12. 


14; Tab. Nos. 


| Devonian Sp. 
| Dev. & Carb. Sp. 


* 
* 


* 


* * 


-.-|Ferques, Tatimont, Chimay, Rhisnes 
-..|Ferques, Tatimont (Nord), Chimay. 


--|Braubach, Siegen, Horderley, flanks 


--|Chimay, Couvin, Woolhope, S. 


Gold. (Bonn. Mus.) 

Sow. Sil. Syst. 21. f. 8. non 19. f.8; O. 
callactis, Dalm.; His. 20. f. 9; Tab. 
XXXVIII. 13, posted, probably only va- 
rieties of O. demissa. 

PSION ao EyhP AO tol U2. I eee mes Se LO Se 

Winmistevbreltrea iblices 4 Glige. anccdicndcescoscne 

eal fos 2Oe, fo WEN ee staeemdhcwec nat ayen 

Phil. pal. fos. 58. f. 104*; 60. f. 104* 


de B. Mém. Soc. Géol. de France, t. iv. 11. 
fA. 

SOWepoMemoyst MUSeS UUM. p. obec eniebasconsedesen 

Sow. Geol. Trans. vol. v. 53. f. 11, and 54. f. 


145; Phil. pal. fos. 26. f. 106. 


+ We believe that it is a Terebratula. 
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Localities in Europe. Elsewhere. 


3 pe ; Bolland, Queen’s County, 


-|---[Baggy Point. 
-|.».|Plymouth, Newton. 
..|\Daun, Coblentz, Hickenvaghen, Au-|Ural, Cedar 


Mountain 
in South 
Africa. 


berlanstein near Mayence, S.; New- 
ton, Torquay, Couvin, Eifel, Luga, 
D. 


---|Powis Castle, S.; Chimay, Ferques,|State of New 


Huy, Eifel, Hartz, Volkof, Ural, D.; 
Yorkshire, C. 


York. 


-.|Plymouth, Newton, Barton, Eifel, D. ; 


Derbysh., C. 


Bogoslofsk, 
Ural. 


+. |Lake Ilmen, Luga, Usk, Malvern 


Hills, Gottland, S.; Newton, Cou- 
vin, Eifel, Paffrath, Pokroi, D. 


Smeinogorsk 
inAltaichain, 
Berosova 
(Siberia). 

Bogoslofsk 

(Ural). 


near Namur, Golzines, Voroneje. 


of the Caradoc, near Carmarthen. 


Bogoslofsk. 


../Elbersreuth (Orth. lim.). 
..|Geiser, near Hof, also near Welshpool, 


S. (Clym. lim.) 
Oeland, St. Petersburg, S.; Verviers, 
(Dewey: 


..|Ferques, Voroneje. 
../Sulbach (Hartz) near Guilsfeld. 


.|...[Ems, Eigerselbach. 
../Daun, Braubach, Siegen, Corton. 


Siegen, Horderley, &c. 
Schiibelhammer. 
Woodabay, Meadfoot Sands. 
Berry Pomeroy, D.; Westleigh, Hard- 
row, C. 
Berendorf, in the Eifel. 
[D. 
Walsall, Staffords.,S.; Chimay,Couvin,|State of New 
Petherwin,Brushford,Landlake,Leary,} York. 
&c., Combe, C. 


396 


GENERA AND 
SPECIES. 


No. of Species. 


. |— longisulcata 
. |— lunata 


. |— minuta 


. |— Murchisoni 
. |— nucleiformis 


. |— orbicularis 


Viscount d’Arcuiac and M. de VERNEUIL’S 


AUTHORS AND REFERENCES. 


The numerals refer to Species described and figured in 
this Memoir. 


Sil. Sp.in Rhen. 
| Dev. & Sil. Sp. 


Phil. pal. fos 

Phil. pal. fos 

Strophomena id. Bronn, Leth. Geog. 2. f. 7 ; 
Productus elegans, de Hiipsch, Naturg. 
Niederd. 1. f. 78; Stein. Mém. Soc. Géol. 
France, t. i. p. 361; Tab. Nos. XXXVI. 
4a. ante, p. 372. 

hu ep alstOs a OO se RLODo cs ccdsatecsesesececsece 

Sow. Sil. Syst. 3. f. 12, d, and 5.f. 15. ...... 


de Buch, Beitr. Geb. in Rus. p. 56. .........{eeee vee 


iv. p. 217; Tab. Nos. XXXVI.5 a, b. p. 372. 
nob. Tab. Nos. XXXVI. f. 2. anté, p. 371.... 
Schlot. (coll.); de Buch, Mém. Soc. Géol. 

France, t. iv. p. 212. (only a cast) 


SSSI WAL af oe se ee ccicee 
- |— obovata 

.|— partita 

-|— parallela 

-|— pecten 


-|— plicata 
. |— productoides 


- |— rugosa 


. |— sericea 


. |\— Sedgwickii 
. |— semicircularis 


- |—? strigosa 
. |— subarachnoidea ... 
. |— tenuistriata 


. |— testudinaria 


.|— umbraculum 


47.|— virgulata 
48.\|— Witryana 
1. |Leptena analoga 


Sow. Sil. Syst. 5. f. 16 

Murch. Bul. Soc. Géol. de France, t. xi. 11. 
f. 8. p. 255. 

J. Sow. Tab. XX XVIII. f. 10. posted, p. 409. 

id. Tab. XXXVIII. f. 11. posted, p. 409 

bil spaloOs Osta OO. Cecccsecssnsesceseose 

Dalm., His. 20. f. 6; Sow. Sil. Syst. 21. f. 9; 
J.Sowerby, Tab. XX XVIII. f. 9? posted, p. 
409. 


Sow. Geol. Trans. vol. v. 53. f. 10; Phil. pal. 
fos. 26. f. 108. 

Murch. Bul. Soc. Géol. de France, t. xi. 2. 
fife Pen2oee 

de B. Mém. Soc. Géol. de France, t. iv.; 
Leptena id. Dalm., His. 20. f. 2; Phil. pal. 
fos. 24. f.95; Sow. Geol. Trans. vol. v. 56. 
f. 4; Strophomena id. Bronn, 2. f. 8; de 
Hiipsch, loc. cit. supra; id. Rafinesque; 
Lept. depressa, Sow. Min. C. 459. f. 3. 

de Buch, Mém. Soc. Géol. de France, t. iv. 
(an Lept. id. Sow. Sil. Syst.) 

nob. Tab. Nos. XXXVI. f. 1. anté p. 371.... 

Sow. Sil. Syst. 21. f. 7; Miinst. Beitr. H. 3. 
14. f. 16. 

J. Sow. Tab. XXXVIII. f. 7. posted, p. 409. 

nob. (O. arachnoidea, Phil. pal. fos. 27. f. 114; 
non Spirif. id. Geol. Yorks. xi. f. 4; Tab. 
Nos. XXXVI. f. 3.) anté, p. 372. 

Sow. Geol. Trans. vol. v. 57. f. 12. an Orth. 
arachnoidea ? 

Dalm., His. 20. f. 11; Sow. Sil. Syst. 20. f. 
9,10; Trigonotreta id. Bronn, Leth. Geog. 
32s 

Hiipsch, Nat. Gesch. vol. i. 1. f. 1, 2; Schl. 
p. 256; O. pecten, Linn. and Fisch. ; 
Index Oryct. Govern. de Mosc. 20. f. 5, 6, 
p. 145; Strophomena pileopsis, Raf., De la 
Beche Manuel, Hoen.; Spirifer and Ort. 
crenistria, Phil. Geol. Yorks. 9. f. 6; id. 
Pal. fos. 27. f. 113; id. Sow. Geol. Trans. 
vol. v.57. f. 7; Sp. reticulata, Sow. Encycl. 
Metropol., art. Geology. 

J. Sow. Tab. XXXVIII. f. 8. posted, p. 409. 

de Kon. (ined.) 


Works.772.1. 10: 


Gold., de Buch, Mém. Soc. Géol. France, t.|.--.-- 500) 


..|Phil. pal. fos. 24. f. 93; Producta id. Geol.|...... bal, 


| Devonian Sp. 


* * * 


| Dev. &Carb. Sp. 


‘Localities in Europe. Elsewhere, 


.|...|Hope, near Torquay. 
..|Eifel. 


...|Linton, Watersmeet, Woodabay. 
...|Ludlow, Ems, 


Daun, Griinenwald, 


Ehrenbreitstein, banks of Moselle,S.; 
Horeb Chapel, Eifel, D. 

...|...| Volkof. 

..|...| Eifel. 


.|.../Siegen. 
..|Kifel. 


..|Ludlow, &c., S. 
..|Ferques. 


..|Haiger Siilbach, near Dillenburg. 
{ib 


..|Barnstaple, 


../Sotenich, Gottland, St. Petersburg, S.; 


.|...|Flanks of the Caradoc, 


* 


ago Petherwinl Pilton, Brushford. 
../Braubach, Heissenstein, Niederosbach,|North Ame- 


mouth of Lahn, Siulbach (Hartz), 
Gottland, East Gottland, Mondre- 
puis, Horderley, Shropshire, &c. 
Brushford, Ashburton, 
Meadfoot Sands. 


..|Ferques, Couvin, Eifel, Voroneje. 


Mount Cat- 
skill, Tren- 
ton Falls, 
Pennsylva- 
nia. 


Plymouth, Newton, Verviers, Eifel, 
D. 


..|Schweidnitz (Silesia). 


-|...[Siegen, Landerskron. 
-.|Cornden or Shelve Hills, S.; Pilton, 


Schtiibelhammer, D. 


-.|Haiger Siilbach, near Dillenburg. 
..|Kemmenau, Ems, S., Hope, D. 


--|Morebath. 


&c., East/Trenton Falls 
Gottland, Mondrepuis, S.; Eifel, D.| State of the 
Ohio. 


-.|Plymouth, Ferques, Eifel, D.; Ireland,|Kentucky. 


Yorksh., Visé, Tournay, Valdai, 
Peredki, Volkofskaia, Moscow, C. 


Haiger, Siilbach, near Dillenburg. 
Chimay, Couvin. 


--.|Barnstaple,Croyde, Pilton,D.; Ireland,|State of New 


Yorksh., Derbysh., Northumber- 


land, C. 


+ It deserves another name, as it is quite different from the O. orbicularis, Sow., and not a variety only. 


Description of the Fossils in the older Deposits of the Rhenish Provinces. 


B 2 all. é 
2 =P Cae 
& GENERA AND AuTHORS AND REFERENCES. £8 |2 818 | er tee 
3 SPECIES. The numerals refer to Species described and figuredin | #4 SSE ir Sots sae Ee Elsewhere. 
6 this Memoir. a {S51 S}o 
A a jAavaslA 
2.|Leptena caperata ...|Sow. Geol. Trans. vol. vy. 53. f. 4; Phil. pal.|...-..]--. x ||---|-+-|Petherwin, Barnstaple, Croyde, Pil-|Altai chain. 
fos. 25. f. 98. ton; Prussino near the Volkof, Bu- 
regi, Lake Ilmen. 
3./— convoluta ...... ose ( Phils) pall fos. 24 eh OO sosctwesconsessleosiesvasiecas|eerer|as &, (lara eee Croyde Bay. 
4.|— explanata ......... J. Sow. Tab. XXXVIII. f. 15. posted, p.409.| 4 |-+-l]---]]---]--- Daun. 
Be AGATA. .o.cecsaneee Sow. Geol. Trans. vol. v. 56. f. 5; Phil. pal.|.-....|--- & [essere Petherwin, Newton, Hope, Ply- 
fos. 25. f. 100. mouth. 
6.|— interrupta ......... Sow. Geol. Brans-volavelb6: fo 7. lecct-cececeulssaeos Pall Wed one Plymouth. 
7.|— membranacea...... Phil Spal pose? aruba Olle sie ereecacseaeessecde<s * | «|l« |] * | |Pilton, Petherwin. South Africa, 
8.|— nodulosa............ Lee Tee AE fe errmsg ses ok ocleis eo enees diseise'sise be gece ender Newton, Hope, Eifel. New York. 
9.|— prelonga ........... Sow.Geol.Trans. vol. v.53. f.29. posted, p.409.|.-.+..|-+. % fee Croyde Bay. 
10.|— profunda ......... J. Sow. Tab. XXXVIII. f. 13. posted, p. 409,]......].+. coal ae Hee Olpe. 
11.|— plicata ............ id. Tab. XXXVII. f. 16. a-c. posted, p. 409.| x |++-/]---|]-++|.-- Haustig, near Siegen. 
12.|— semiradiata ...... id. Tab. XXXVIII. f. 14. a-e. posted, p.409.| 4 |++-||-+-[]---]... Priim. 
13. |— sarcinulata......... Hiipsch. Schlot.; Petref. 29. f. 3. Orthis stri-| % | || ||* |, (Ludlow Promontory, Ems, Daun, 
atella, Dalm. His. Leth. Suec. 20. f. 7; Prim, Lahn mouth, Kemmenau, 
Lept. lata, Buch; id. Sow. Sil. Syst. 3. f. Hundsruck, Taunus, Ebersdorf, Gott- 
10 b. and 5. f. 13. land, Coblentz, Malmo, Pokroi, S; 
Felindre, Horeb Chapel, Eifel, D; 
Visé, Tournay, Dwina, South of 
Archangel, C.; Elberfeld Malmedy.| _ 
4 1— Sericed) verasscss0 Sow. Sil. Syst. 19.f. 2; anté, p.372; Strick-| , |...|]...|...[... Braubach, Priim, Llandovery, Hor-|State of New | 
land, Geol. Trans. vol. v. p. 387. derley, &c., Thracian Bosphorus. York. 
15.|— sordida ............ Sow. Geol. Trans. vol. v. 53. f. 5; Orthis]......J... * ..{Linton, Torquay. 
sordida, Phil. pal. fos. 25. f. 104. 
16. |— striata...........060 Golds (Bonrp Muss) pier assacatccdessveesseasiee sine xm \ooe|[eeol]-eo]...(Aeemamenan. 
PelEraduetayantiquata...|Min. C. 317. £2 1.5, G.ce..cpensceasacssberoevesoleseers|ann ..l...|, |Ratingen, Sablé, Ireland, Yorksh., 
Derbysh., Visé, Moscow, Valdai, 
Zaraisk, banks of the Dwina, Silesia, 
2.|— comoides ......... HDS 29%, FFs oe spina Metnareees ceelsteaecaneengasess| adv eetel eas , |Ratingen, Yorksh., Visé, Moscow. [State of the 
3.|— concinna............ ib. 318.6. 1; td.Phal.Geol. Yorks. 7. £..91..)s075+|0es .|, Ratingen, Ireland, Yorksh., Derbys.,) Ohio. 
Valdai, Pinega, Visé. 
Ao\—— fimbriata....2...0+. TR CHAO Ke ln LocaatoRUocobcocee BBE e CEH aR eer omen eerara aae .|, |Ratingen, Yorkshire, Isle of Man, 
South of Ireland, Visé. 
5.|— hemispherica ...... MPIC B26 cd cui de Sg aAdee aban deavanauslt caidas) sss sechads , |ib., Liége, Visé, Coalbrook Dale. 
6. |— latissima............ > BEIOY  soacondte codond daccoemanncosde eeUecnongeue ne Goose sce) [baal liaae , |ib.. Yorksh., Northumb., Anglesea, 
Liége, Visé, Silesia, Russia. 
7.|— laxispina............ Phil. Geol. Yorks. 8. f. 13; id. Leptzena, Pal.|......}. » || «|--.[Petherwin, D.; Moulton, Yorks., C. 
fos. 25. f. 99. 
Bel LODatA.c.scccseascess IDG SL GRE OAS HOSE cae ee atasdhcseee vas tdlteases .|, |Ratingen, S.; Arran, Otterburn, Nor- State of the 
thumb., Ireland, Liége, Visé, Pinega. Ohio. 
9. |— margaritacea ...... Blil Geol Works i Sesiat Gen cesscdscccenssuscsedeietenacss .|, |Falckenberg (Silesia), Yorksh., Visé. 
10. |— Martini ............ DVEiri Cee Si end Seo OAL eaten talccrc Manele meals saiorasicrace (besienie .|, |Ratingen, Ireland, Yorkshire, North- 
umb., Visé, Valdai. 
11. |— plicatilis ............ Hee SE Ty Ce. GcAbr ogi bocbonerenacB CCEP ROPE EME OEBEEETH cecrnd .|, |Ratingen, Yorksh., Visé, Liége. 
12.|— punctata............ ib. 323 ; Leptena sulcata, Fisch. Oryct. Go-]......]...|]...||.-- , ib. ib., Cork, Visé, Lidge, Sablé, Valdai,|State of the 
vern. de Moscou, 33. f. 2. p. 143. Moscow, Dwina, Pinega. Ohio. 
13.|— scabricula ......... Min. C. 69; Phil. Geol. Yorks. 8. f. 2; id.J...... , ||, |--.{Pilton, Brushford, D.; Yorksh., Der-|State of the 
pal. fos. 24. f. 87. bysh., Bristol, Coalbrook Dale, 2a and | 
Liége, Visé, Peredki, C. New York. f 
14.{— spinulosa ......... ISAC (sls Vis Gloe coo secdaupcoddoo: Guecocnecnnee: ce | Heeere fine x |x |x |Refrath, Gladbach, D.; Ratingen, Visé, 
Yorkshire, Linlithgowshire, C. 
15.|— subaculeata ...... Murch. Bul. Soc. Géol. de France, t. xi. 2.}......]... P| Poe eee Ferques, Chimay, Couvin, Eifel, Kirs- 
f. 9. p. 255. penich, Cronenburg, Aggerthal. 
Monomyaria. 
1.|Ostrea? (ind.)......... Quoted by M. Beyrich, Verst. Rhein., p. 16.)......]... Boi lces|eee Villmar. 
ieiGectenalternatus <..|Philpalifos. 20 sif. 7S) .c.<cs<.sseceseescnoeccre|esnert| >) Pall boalleae Petherwin. 
2.|— Altonis ............ Golda GO Mtb: beesesecbeseescee ss aceite eaidouihiticns Sees eal cite, Glatz (Silesia). 
3. |— arachnoideus ...... Ei ypabsptos sy OMe tS Oi vec ce. cae apidess vaeeeteslsse> aol ppl less| eas Petherwin. 
Bet IATCHOSUS «..0.0000000 Phil. Geol. Yorks., 6.f.20; Sow. Geol. Trans.}......1...|] 4 ||-.-J.- Plymouth, D.; Bolland, Derbysh., C., 
vol. v. 703*. &e. 
5.|— grandevus ......... Goldie Genter Ohmieancenewesnccwateects never: anc-ssrelecdecaleer| (ne ...| » |Elerborn. 
6.|— granulosus ......... LTS palentose, CMMIEW (ater cdas ts Acessiessevsiaa ness tsie-). oe Piizasiced Petherwin. 
7.|— Hasbachii ......... nob. Tab. Nos. XXXVI. f. 13. ante, p. 372. |......]... called jee Refrath. 
Be —— NPT «2... ss00e0s NOD wy. CULE oateatasld Meant onetars Vagispisas «sceese-tredss|onencstees loads Volkof. 
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| No. of Species. 
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Viscount d’Arcuiac and M. de VERNEUIL’S 


By liad 

a. (2|4 

GENERA AND AuTHors AND REFERENCES. BS lg 

SPECIES. The numerals refer to Species described and figured in gS : 8 

this Memoir, a ® || o 

R AA 

-|Pecten linteatus ...... Gold. Petref. Germ. 114. f.9. (quoted by M.].....-}..+) « 
Beyrich Verst. Rhein., &c., p. 17.) 

-|— Munsteri ......... PA AMV eg UCV CU enecnen sect aridettanclesaiececeresesonsss[sreees|ses oo 

==" MEXTISE...cecnacaerce Sow. Geol. Trans. vol. v. 53. f. 1, 2. ....sseeefereeeefere * 

-|— Oceanl............+.. Goal S Bride Ogee seeeeecrenbee rss Hocachicsecosessti[eresss] owe * 

-|— Phillipsii ......... APUG Ona Ocn Ne stenensecececcbcececckececosasssth save a: sie 

-|— plicatus .........+0. Min. C.574. f.3; Phil. 6. f.21; id. pal. fos.|...-..|... * 

60. f. 80*. 

-|— polytrichus......... Philep male tOser AU. te Pr accb eh coutacccevcessvenaeu|oeenselsr= * 

-|— id. var... .....06 "GL TP cenocoanonsdenohSSHOenee SaopNOEC ae ee pOCoaccCeae | aoniag Mie * 

-|— primigenius ...... H. v. Meyer., loc. cit. SUPra........sseeeenesseee[eeeeee|ers 

-|— TUGOSUS ......s20eee Phil. pal. fos. 21. f. 79....c.cccsececsescssosesroe|reeree|ers * 

-|— striolatus ......... OG Otay oo cathe cece ache cacctecceccekeste cecil esesecless * 

-|— tramsversus......... Sow. Geol. Trans. vol. v. 53. f.3; id. Phil.|......)... x 


-|— trifidus 


Bl —iGind: )itecesdwsercees: MMT eet MARRS EE Ce caahicadeechsccnesctes vapelec|resee|ese mallee 
-|Posidonia Becheri ...|Gold. 113.f.6; Bronn, Miner. Jahr. 1828. 2.|...++.].--|J-++]]-++| 
f. 1-4; Sow. Geol. Trans. 52. f. 2, 3, 4; 


ater ee eens 


pal. fos. 21. f. 77, an Avic. radiata, Gold. ? 
and Phil. Geol. Yorks. 6. f. 8. 

de Buch, tiber Gon. und Clym. in Schl. 
1839, p. 19, or Abhandl. Kon. Wiss., Berlin, 
1838, p. 167. 


Phil. pal. fos. 20. f. 73; Bronn, 2. f. 17. 


Posidonomya, Miinst. Beitr. H. 3. 10. f. 9... 


* 


| Dev. &Carb. Sp 


Carb. Sp. 


* 


eeelleeeiiece 


2.j/— elegans ............/Posidonomya, Mist. Beitr. H. 3. 10. f. 9...|.--+--J... * 
3.|— grandis ............ LM RO MEER OeE case sdoscescssc-ccsesescecedee|soores|oes * 
4.|— longitudinalis...... Bronn, Leth. Geogn. p. 89, perhaps a variety]------ 
of P. Becheri. 
5.}— myacea ........0... an Mytiloides? Gold. (Coll.), anté, p. 374....)-+++++]-+- * 
6.|— nobilis ............/Posidonomya, Minst. Beitr. H. 3. 10. f. 8...|-+--++}..- * 
7-|—scalaris .........6. Tly fio}s (Di LS. hos opaonoandnee soscpeCOdOH Has JoBbeee Se) Boucad (aon * 
8.|— semistriata......... fila 119) Sy a klleee AcApmanuab ada Rnc et aoOsO done JOO neoposr en Roonnn kee * 
9. |— venusta .........06. 3h f1D5 ih IV Aas seeedndscogodnor One ceB onaenOdes SaBBser 6s) oo0od joc * 
1. |Avicula aculeata ...... Gills MOO. 1 136 6c anencegoneer sndcosace- nun osooee. de PoGuis! bob * 
2. |—/ANISOfa ssecavcasees EM PP als LOS.) 22a LelODncudedeatselvocus tases’ nad|esivese| eas * 
3.|— antiqua ............ NG Gee Oa ie Orie heteciintaaiios sects sted essinecserdeelescsss]er. * 
4.|— cancellata ......... Phil. pal. fos. loc. cit. 22. f. 84. sessscsesececssfereeeefers + 
5.|— Damnoniensis_ .../Sow. Geol. Trans. vol. v. 53.f. 22; Phil. pal.|.----.}... * 
fos. 23. f. 90-92. 
6.|— id. var. .......00.0. Gls Ws, GrodonodnedicatocudoSd00s BeBUIBSe Beas con caeneae ne) pckladal ae * 
7.|— elongata .........+6. Minst. Beitr. H. 3. 11. f. 2. (Monotis) ......]---+++|.. | % 
8.|— exarata ..2....00.8. PEM PAleMOS ee fer SO vacve de sebede sents eanwanineec|eeesae| oo * 
9.|— gibbosa ............ IMiuristmeltre et Bem £21425... doccecsceseersems|oooee ll» 
10. |\— Goldfussii ......... nob. Tab. Nos. XX XVII. f. 15 a. ante, p.373.].-----|... | a 
11. |— inflata...........065. Wier etT Ds SL hehe Be scccc ed sceeeleonnec|sorees | 3 
12. |— lepida.............. MENG tenet iteei sere caceschoesescoctsetsocesde.|+eeese fies 
13.|— Neptuni ............ NG PESO ir aeemas ete te dudcdccdiescasssasWeleavinsd|ereeee|ase * 
14. |— obsoleta .........6+ [ely a4 Ti tle, dtvedobieccnntidcoe CBacogO ages Ope aaaEeap ae * + 
15.|— papyracea ........- id. ib. f. 5; Pecten, Min. C. 354, and Phil.| .....|... 
Geol. Yorks., p. 213. 
16. |— pectinoides......... Sow. Geol. Trans. vol. v. 54. f. 2. ......ssccsJeveeee eeell ox 
17.|— problematica ...... Miruinst) Beir ite a lettetOrencdaaadeds asd ssteacenethocsess peels 
18.|— rectangularis ...... WOWs OMS V ets Sees Mtaweactencasconeresedse.ceolseees veel a 
19. |— reticulata ......... His. Leth. Suec. 17. f. 13; Sow. Sil. Syst.) 4 | ll x 
6. f. 3; Pterinea id. Gold. 120. f. 2. 
20.|— rudis .........60000 Psi pale fOSs 122 soln Detea aaah eatads és eetenaade] svi s| ses * 
21. |— TUZOSA....0.eeeeeeees Miinst. Beitr. H. 3. 11. f. 3. (Monotis) ......]...... “ll ae 
22.|— Saturni ............ IS OIAPMUG it dietasicepessaadgtaceds dow tssovienececs|oecsas voll 
23.|— semialata ......... VINEE SELENE UML Wea yietae dssivdesepiicsse. ciel owen. oll 
24.|— semiauriculata ...jid. ib. 11. f. 1. (Monotis, Bronn)...............Jeecees wll x 
25.|— subradiata ......... Sow. Geol. Trans. vol. v. 54. f. 1; Phil. pal.}......]...1 
fos. 23. f. 90-92. 
26.|— texturata ......... PH pAlOS. LO akarOirecaceswasivaodacsdssesebodd|shavs5| ace * 


»»|...|Gattendorf. 
lib. 


ts 


» |Amay (Belgium), D.; Herborn, C. 


-..|...|Barnstaple. 
--|...|Eifel, Goslar. 
..|Glatz. 
és Plymouth, Newton,D.;Queen’sCounty, 
(@ 


ae Brachiond: 
-|Mudstone Bay. 


-|Babbacombe. 
..|Eifel. 
-.|Barnstaple, Pilton, Brushford, Croyde, 


Localities in Europe. 


Herborn. 


Herborn. 


Petherwin, Eifel, Iserlohn, D. ; Bol- 
land, C. 
Falckenberg, Silesia. 


...|Eibach. 
:.|..-|Gattendorf, 
sleecllbe 
-|...[Schtibelhammer (Clym. lim.). 
sleoe(lDe 
...|Eifel. 
-+«|...|Meadsfoot Sands. 
-|...|EHifel. 
-.|Baggy Point, Croyde, Braunston. 
--|Marwood. 


--|Geiser. 

--|.«-/Petherwin. 

--|...|(Schtibelhammer (Clym. lim.). 
.-|Paffrath, Refrath. 

.--|Presseck. 


-|Eifel. 
---/Abenthaeur (Hundsruck). 


..|Petherwin, Barnstaple. 
-|...|Presseck (Clym. lim.). 
...|..-|Horeb Chapel, Eifel. 
..|Gottland, West Gottland, Aymestry, 


...|Brushford, Pilton. 
.|.../9chtibelhammer. 
.|...|Bifel. 

..{Elbersreuth (Clym. lim.). 


..|Petherwin. 


ib. 
Herborn, Frankenberg (Hesse), Riin- 
deroth, Beringhausen, Schelke, 


Venn, Swimbridge, Lew Trenchard, 
Truscott, Edderbringhausen, Hesse 
Cassel, Oberschulenberg, Bocksviese, 
near Clausthal. 


Herborn. 


ib. 


Herborn. 
Werden, Essen, Liége, Bolland, Coal- 
brook Dale. 


Croft Valley, Mondrepuis, S. ; Eifel, 
Hagen, Elberfeld, Iserlohn, New- 
ton, Barton, Eifel, D. 


Geiser (Clym. lim.), 


Barton. 
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g S fall cle 
5 roy Shellie lease ie 
& GENERA AND Autuors AND REFERENCES. gs |@|/ 8/8 |@ a 
re) SPECIES. The numerals refer to Species described and figuredin | && |* || 3 |/* q Tocatitice tn tarecpe. Elsewhere, 
5 this Memoir. qi [bia] 5/0 
4 a AAA 
27.|Avicula tumida ...... de B. Abhandl. Kon. Akad. Wiss. Berlin,]......|...]]. --|* |Falckenberg, Silesia. 
LSSSitalee 
een (ANG) ss vic dev esac id? Geb. In’ Risse Qu foneesasce cee cseccasaconen cathe: senleas P| pod oe Luga, Adsel. 
ue bterinea bicarinata ...|Gold:pllOe fi seneseueateetdasce sees deasaet ener * ciel[ beet leur Lindlar (Westphalia) 
2.|/— carinata ............ Id. ib. fe Be Raasae cece phn Meas poke cod sates eres * “oelllbocl oor ib. State of New 
Ei COStata ..cccvensee id. 120: f.e4 ee ab exONOXON DLE S iY Pesce cays apes Fs (85a | ace | oe) ice Ems, Kemmenau. York. 
4.|— elegans ........064. id. 119. f. 9. an Modiola squamifera? Phil... ...|..-| » ||» | * |Eifel, Chimay, Villmar, D.; Ratingen, 
Geol. Yorks. f. 5. f. 22. Yorksh., C. 
5. |— elongata ............ Te B10 9 (35, Bebo pqunbnqdcdauc COC anorOoet npGUGCaGe so: Sena red al tere | ee Ems, Kemmenau. 
6. |— fasciculata ......... HG EXO) 1 PG, ocpoodeautgoodancecooardoch actGuniagoriso af iitesel {leon |fetoe| rite ib. ib. 
7.|\— Goldfusiana ...... devKonsGned he sete tnes hteccnsceceosbsatersoe|encseslests plese lee Chimay. 
Met—— LEVIS .....ss0ccccece Gold IONE tec acnacs core escerascpuccaasseceee et leevileee tiene teee Kemmenau, Hartz, Lahn near Weil- 
burg. 
9.|— lamellosa ......... id.120.f.12; Tab.XXXVIII.12. posted,p.408.) 4 |...|].--|]---]-+- Siegen, Kemmenau, Weipperthal, Hartz. 
10. |— lineata ............ id. 119. f. 6. Lanne nacocs Aad teD AccrAceO lice Caen Se loraee eet ae feee teste Ems, Kemmenau, S., Chimay, Couvin, 
Ml —— "DIANA, ...0es00eeceeee Gold. 119. f. 4. ...... oc99nn93d0006:90I000 waltcenaeree ak il baiel loaiel festa] ene Kms, Kemmenau. D 
Ne | —Tadiata, © ..2t.ssacese HPI WEAN Jee ces chs Oe Sete Pewee rte ache ces aeeelsecveslees Pel RSs lode Plymouth, Eifel, Iserlohn. 
13. |— spinosa .......... Philypaltfos: QU f. SL oe cesacandeasecdsacasesh| eeseee| eee 4 }lape bo Woodabay, Newton. 
14. |— trigona ..........+ Gold MT QON fi Sire. stuaucacarsapacancw eres destieaeees ms Nlsee|linelllacd lang Ems, Kemmenau. 
15.|— ventricosa ......... id. 119). 2+) Phil: pal. fos: 21, f. 82, © ...... ole Higeltteedaes Iserlohn, Ems, Kemmenau, S.; Peth- 
erwin, D. 
16. |— costata .........64 J. Sow.; Tab. XXXVIII. posted, p. 408. ...] 4 J.+-l}-.-]---]-+- Kemmenau. 
1. |Inoceramus acutus...]Miinst. Beitr. EES SOU fede Mee vet enaececactec|ceceeslece Pll ideal Gon Schiibelhammer. 
2. |— arcuatus..........0. ide ibs WOMB ce csctarsh eos coseeesas sete abhicesons cenatlecedeal nel ra eee, SBS Geiser. 
3. /— inversus ............ Id ei sep er fee Grolds LOS ofa: Gisaatences ee secdaeerse|acse=s|s0e ge \leselons Baireuth, Gattendorf. 
4.|— obovatus............ de. LOS FIGS ea pooh sulle csc et ert odes Shee tea ence a 'float 4g tl adeleoe Geiser near Presseck. 
5. |— regularis............ 1K a 1189 tou, cea gocndecqccascodecd GoGo adn ssabecuduBdad eoodtcl ad Pa eer ee Presseck. 
Fe SS EMOTO DI CULATIS) es <[lde lets Die teoteces nc deacee reac seice sae cueeccacce semel advave|oas % |e] a ib. 
7.\|\— semistriatus ...... 11 31a) AY (eae MARR G SR Roo S coda aunt ac cRe GoScc ee E pics Recene ae all eee Eas ib. 
8. |— trigonus ............ A PaUD Ee Te Se | Fah sels ccc Merete sats dae Gea acees ceabeve [see enia| ce ¥ llecolese ib. 
9. |— vetustus ............ Min. C. 584. f. 2; Phil. 6. f. 3,4; (Posido-|......|... » || |« |Elbersreuth, D.; Regnitzlosau near 
nomya, de Kon. ) Hof, Ratingen, Visé, Yorksh., Der- 
bysh., C. 
DimyYarRia. 
1.|Unio carbonarius Goldeel Ss fe LORIN esee eae ar aa tespecte se sec peclans cabo .| x |Kusel, Lower Palatinate. 
2.|— tellinarius ......... 116 S163 BY /oe ocbacocdocoSuaqocouode Sanasooe oadradac peee (cba |IACe | Oo » |Werden, Liége. 
3./— uniformis ......... HAMID SEDO yc evsacet osteo teracateneraeds  aece teal seaess| goal lasall aes » |Kusel. 
4.|— utratus ............ VTE os UCU necbecacocnnccnpa: CEE Ce DopcAemy seeace Gastice baa) | rec .| » |Werden. 
Pe Nivowasrantiquus? ...|Gold. "pty LOS)... .cseccatcepetiecessee comcccscdeneel's * foe|| Lod eo. Altenahr. 
2.|— costatus .........46. Minst Beltran ED Silas tial Des cocesccdeacescseeslanscee|eee Pollo boe Schiibelhammer. 
wai Wammoniensis ...|Phils pals fos) U7 £06). sevcccsccsscssccecctecsres|esvoes]eos Bp allee'e iar Newton Bushel. 
4.|— irregularis ......... Munsts- Beitr Eira. otetwal oe jatcons cect ekteoslsnuiasel nee lectern Presseck (Clym. lim.). 
5.|— minimus? ......... Poe i a aOR nee does DOSER ELE HABEDS kage All eae loo Paffrath. 
6. |— obliquus............ Mioristaybertres Eley 2p Unite les ones scan fetes aude teeldoel eae | eael ee Geiser, (Clym. lim.) Presseck. 
7.|— priscus .........08. GoldtelOOMie lS arcnsessnescctescsecsecdteerecepen| scene ter all esa pe Kifel. 
8.|— pygmeus ......... 1d: QO TOW Rr. cccerte ste apiiddsusasaeiwescrcceecdse| oeeete state alice , |Ratingen, 
©; |— Tradiatus .......000s. Miimst Beitr: TS L OSs V6 occ tcgs cacecdvwedlomene dd yas Rae ee Schiibelhammer (Clym. lim.). 
10. |— substriatus......... TEPID aL MIN aR wanlertrarte tsetse obenecens atacs rested eeseeslce. & |Jeeefeee 
| 11.|—subsulcatus ...... Ney lSemtend at. scsecete ebcetleseamcnsdecercteewccant losseee la Gill eee Biidenath (Orth. lim.). 
| 12. |— veteratus? ......... Moke MrpemllOSBiencaeeesetcnckdcvescocatbataccuccnvelee tm etlet ...|]..-| « |Herborn. 
1.|Modiola acuta......... Mestre lt pth AO umntseacasccteacencscetissAcccestatl satketalead filleve| esd Elbersreuth. 
2.|\— amygdalina ...... Phil palitfos 7 MHIG2: 5... kes.ccscote cates cscevetlicoceclecs yl Bae Be Petherwin. 
3. |— antiqua ............. Gold. 13. f. 5. (non id. Sow. Sil. Syst.) ...... Pe lea ooo Ems, Nassau, 8.; Volkof, Isvosk, D. 
4.|— bilobata ........:-.. Mainst.. Beitr: Hi. 35122 £88. soo.8, iss ca RADA Oca eee Elbersreuth (Orth. lim.). 
5.|— cuspidata .......... de B. Gon. u. Clym. in Schl., Abhandl. 1838.]......|... ...||...] ¢ |Silesia, Falckenberg, Presseck, Geiser. 
f. 11; Myt. cuspidat. Miinst. Beitr. H. 3. 
ijt f. 10. 
Ga\— Scalaris: .....cccucss Bhi apalsntosa GOrt. G2 inc sectcnsesvess veeocecaseliacnee| ses Bt es| ese Berry Pomeroy. 
7.\— semistriata ........ WitinistPew Date, NOU cacddehoswaeea deen cobexiueiaselirccvealae's gileveless Elbersreuth (Orth. lim.). 
82\— semisulcata ....... Sow. Sil. Syst. 8. f. 6; Cypricardia id. Phil.|...... a Via‘ tle-ileos Near Aymestry, S., Petherwin, D. 
pal. fos. 17. f. 57. , 
9. |— vetusta ......... coe  WNUEStMbeltrs LSAONM. £. 17. Uicscsssscccessnesteccevclics e~alleeel ine Schiitbelhammer (Clym. lim.). 
ial Megalodon alutacets:|GoldUS8f.. 2.) oii eescccccssecescescesccvescesceclevevesloss Pi God Cee Paffrath. 
2. |— auriculatus... ..... CR Coc tal bos raacunCren Or Arr CECE ECOCEE CUCE CEP RET REPEEE PEE ail bod jog ib. 
3./— carinatus .......... id lS 2enOemPhil loc cit. GOs t- GO 12, Os..sNescecslec. mila eae ib. Newton. 
4.|— cucullatus .....-.. Min. C. 568; Gold. 132. f. 8; Phil. loc. cit.|......]... Ht psc ee Newton, Ogwell, Bradley, Paffrath, 
L7s0f.60: . Sétenich, banks of the Lahn. 
SE 
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GENERA AND 
SPECIEs. 


AuTHORS AND REFERENCES. 


The numerals refer . eee described and figured in 
his Memoir. 


Sil. Sp. in Rhen. 
Prov. 


No. of Species, 
| Dev. & Sil. Sp. 


- |Megalodon concentri- 
cus. 
-|— oblongus 
— rhomboideus 


.|Arca carinata 
-|— concentrica 
-|— Michelini 


de B. Gon. u. Clym., Abhandl. 1838. f. 12 
-|Cucullea amygdalina|Phil. pal. fos. 18. f. 66 
Sow. Geol. Trans. vol. v. 53. f. 25; Arca id.]...... oat 
Phil. pal. fos. 19. f. 68. 
Sow. Sil. Syst. 3. f. 10 oo 
abe Al OSe LO Gill ps 42. coc rasccsessassees| sarees 406 
Sow. Geol. Trans. vol. v. 53. f. 26, 27; Phil.|...... sat 
pal. fos. 18, 19. f. 67. 
Sow. Sil. Syst. 3. f. 12, b. (Nucula id. Phil.}...... sar 
pal. fos. 18. f. 65.) 
id. Geol. Trans. vol. v. 53. f. 24; Phil. 
19. f. 70. 
id. ib. f. ae Hes RL MOD essa ncddsnesesslvcs<neiter| acres: ans 
GOlGMpIDAereR De rstbasmercs cscsclsecycecrsseenssces * 
id. ib. f. 3. 
Phil. pal. fos. 58. f. 65*. 
id. ib. 18. f. 64, a 


- |— depressa 
5.|— Hardingii 


i104 ood 50 


er antes 


-|— grandeva .....0.... 
— latissima 


8. 
1. 
2 

3 

4. 
Be 
6. 
7. 
8. 
9 


.|— id. var. levis .... 

.|— Protei.. 

. |— securiformis 

. |— solenoides 

. |[socardia antiqua ....|i 

.|— extensa Miinst. Beitr. H. 3. 13. f. 18. 
Gold. 140 F852: 


_.|Miinst. Beitr. H. 3.11. f. 9. 
Gold. H24.f,, 8% 


-|— vetusta 

.|Cypricardia cymbe- 
formis. 

-|— deltoidea 

-|— elongata 

.|— impressa 

. |— rhombea? 


Sow. Sil. Syst. 3. f. 10; Card. carpomor-|...... * 
phum, Dalm., His., Leth. Suecs92 f:,5.2. 

Phil. pal. fos. 17. f. 59 

nob. Tab. Nos. XXXVI. 144, b. ante, p. 374.}......|... 

Sow. Sil. Syst. 5. f. 3; Phil. pal. fos. 17. f. 58. 

Phil. Geol. Yorks. 5. f. 10. ante, p. 374 

Min. C. 552. f. 2; Sow. Geol. Trans. vol. v.|......|... 
56. f.2; id. de Kon. Recherch. Anim. Foss. 
Belg. 4. f. 12; Pleurorhynchus id. Phil. id. 
Pal. fos. 17. f.51; Gold. 142. f. 1; Cono- 
cardium, Bronn; Lychas, Stein. ; Bull. Soc. 
Géol. France, wl: viii. p. 231; Bucardites 
hystericus, Schlot. 20. f. 1. anté, p- 374... 


2.|— id. var. clathrata. Gold. ib. f. 1 a Pa eNOS PRONOR WL 17) Gs: Meice | cdales cl Sag 


3. |— alternans 

4.|— angulatum 

5.|— arcuatum 

6. |— bicarinatum 

7.|— Cornucopia Goid. 143. f. 1; Cardiola interrupta, Sow.,]...... * 
Sil. Syst. 8. f. 5. 


8.|— costulatum Gold. 143. f. 4. 


de VERNEUIL’S 


Localities in Europe. Elsewhere, 


| Devonian Sp. 
| Dev. &Carb Sp. 


..|Paffrath. 


* 


..{Ib. Sétenich. 
slBaalbildy, 

See tiloy 

..|Ems, Kemmenau. 


* * 


eee 


.|...| Eifel. 
.|...{Elbersreuth. 
..|Paffrath. 
County of Glatz. 
Falckenberg (ib.). 
.|...|Marwood. 
. fib. 


..|Horeb Chapel, Felindre, D. 
Marwood. 
ib. 
Felindre, North and South Deyonsh. |South Africa. 
ib. 


aheealtbe 
.../Olpe, S.; Bensberg, Eifel, D. 
.|.../E&ms, Nassau, Hartz. 
.|...|Pilton. 
..|Baggy Point. 
ib 


..|Eifel. 
.../Ems, Nassau. 
.|...|Solingen. 
..|Baggy Point. 
.|...|Ems, Nassau. 
.|...|Bensberg. 
...|Elbersreuth. 
.|.../Ems. 
..|Hartz. 
.|.../ Nassau, Wissenbach. 
...|Schiibelhammer (Clyra. lim.). 
...|...|/. Nassau, Wissenbach. 
.|...| Eifel. 
..|Ludlow, East Gottland, S., Felindre. 


...|Petherwin. 
.|...| Willmar. 

..|Delbury near Ludlow, S.; Baggy Point. 
...|Villmar ? D.; Yorkshire, Ural, C. 
..|Plymouth, Newton, Eifel, Paffrath, 
the Hubigenstein (Hartz), Elbers- 
reuth, D.; Bolland, Scarlet, Isle o 
Man, Tournay, Visé, C. 


..|Paffrath, Eifel. 
E lbersreuth. 


Aymestry, Welshpool, S.; Elbersreuth, 
Prague? St. Sauveur, Feugeurolles, D. 
Elbersreuth, Gattendont Prague. 


+ We have received this fossil from M. Dannenberg under the name of Trig. sulcata, as given by Goldf. himself, but the name cannot be 


retained, having already been applied to a different species of Trigonia from the chalk. 
not permit a very exact determination, we prefer to give it no new specific name. 


As our fossil is only a cast of the inside which does 
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3 Fe alesis |i 
E eles 
& GENERA AND Auruors AND REFERENCES. 2 (8/8/82 line 
-) SPECIES. The numerals refer HS described and figured in Ex CJ § 2 < ECE) Elsewhere. 
é his Memoir. = |B|s]]a)9 
a n AIAIA 
g.|Cardium decussatum.|Miinst. Beitr. H. 3. 12. f. 6. ..-ssseeeseeeeeeeefereens * ../Elbersreuth, Gattendorf, Prague. 
10. |— deltoideum ......... 1: Be fee le RR eine fins sia od octyl [chee Fell patilbeatesalibs 
11. |— dimidiatum......... Gold: ‘1602 /f: TGS eee i aeseeeccaes be celea| seaens voal| ay |]--|---|[ Eifel. 
12. |— disjunctum......... Miinst. Beitr, Hi, it. WOet US i ete. cc.e.seee|seeesslene © llbacljooe Elbersreuth. 
13. |— elongatum ......... Min. C. 82. f.3; Pleurorhynchus, Phil. Geol.| .....|.-. ..,||-.-| «|Ratingen, Visé, Bolland, Derbyshire, 
Yorks. 5. f. 28 ; Conocardium, Bronn, Leth. Vitegra, Arkangelskoi, rolled in the 
Geog. 3. f. 9. Volga. 
14.|— Eulimene ......... Miunst) loce cits Loe te UGsicsseesacmecsiscitsssenecce|ssmees| sere a |loonlee's Schiibelhammer. 
15.|— glabrum ............ Witte 11209 Ils“ pestcePadononon igurobaccounocted jcLidodd De Pa {aneliooe Hanan te 
16. |— gracile ............. (Ora Gl EOS Tes Gly ciaocincadecdootnaeronerecaecouncoded Pbactd u0 Peal laa lta 
17.|— Hibernicum ....... Min. C. 82. f, 1,2; id. de Kon. Recher. Anim.,]......|.-. se Ell ae |e Ciaiies; D; Huy, D.; Ratingen, 
Foss. Belg. 4. f. 13.; Pleurorhynchus id. Queen’s County, Mendip Hills, 
Phil. Geol. Yorks. 5. f. 26 ; Agassiz, French Limerick, Namur, Visé, C. 
Transl. Min. Con. 
18. |— incertum............ UTC) Ol cote ares utolawd aseceseciaanes Pi | ee | at ee Banks of the Rhine. (Rheinischen 
Gebirge.) 
19. intermedium ...... id. 143. f. 2. (Cardiola, Miinst. Beitr. H. 3.}......)-- apilleatleer Baireuth. 
be) 
20. |— interpunctatum ... Minst. HD Wife OMe ee ctiseshemcads catevesece caster fac eas| cll aileeeleae Elbersreuth. 
21. |— laterale ............. Oa Bie A ose anaadnnbercaaddeaciscrecnecosnacedad coud |coe Salle les Schiibelhammer (Clym. lim.). 
22.) —NAGUI ccc sersecs+ ene Gra OBS 118 (0g = gaocecuasbeatinaddcodadccsoooroagocnd oacno4) or aeilleaaleste Gattendorf. 
23.|— lineatum .......... TUTE teas Vee cus cen ccbpine secasetae eubidcdacaeeh|sslereta| cies pailllisete| en Elbersreuth. 
94. \— Joricatum ......... is ai 9 Or HAS ales ce temcanncibbte Pan cRDEaEASeC carer ceonod bepecc One llr evte Eifel, Paffrath. 
25.|— Lyellii............... nob. Tab. Nos. XXXVI. 8 a, b. anté, p. 375.]......J.+- Pelle bor Villmar. 
26. |— marginatum ....... Golde EATS ia es ce ncstaeenuccccteass sgt es ec lesalees Nassau, Kemmenau. 
27.|\— Menippe .......... Miinst) Bettys Heise LOete Ae ecamanacaes aclctes| deeieetel vars ®. 1Hesalane Elbersreuth. 
28.|— Mytiloides......... Ten Golde) V4 De falatevace annette scenetat atieltcee sisenis| tele vere] vate ealleatel ec ib. 
29. |— Murchisoni......... WMitnst eertrarelercemhcrantanl set teaeieceetcstselseleleaste| atne'ate| ete alleen ib. 
30. |— nudum.............. 110 yall sn 0-9) eae ae Paconcuccsenasounctacorccenonopocts tonto acs Polleoe| rae ib. 
31.|— palmatum ......... Gold. 1435 £27. ante, Pr SiAwsccnocescesinvessesal seesee|oel lesa beac Gattendorf, Presseck, Schiibelham-}Nova Zembla. 
mer, Fichtelgebirge, Martenberg 
(Waldeck), Oberscheld, Adorf, West- 
ERCMR IRENE VAT O510s serccelatccascer caste seeleccete th cates cance ctasdveeietidccucedes|casmee| css Sillees| eee Oberscheld. [phalia. 
34.|— paucicostatum ....|Miinst. Beitr. H. 3. 13. f. 2. .cscscececereceeefeceeaelece Pill Bns Oe Elbersreuth. 
35. |— pectunculoides..... nob. Tab. Nos. XXXVI. 12 a. anfe, p. 375...|....+.].++ Pulleasbce Oberscheld, Waldeck. 
36.|— plicatum ........... Wirinsp ECORI OEY eG “okaacsccanooenenacecerod kicodod ade Pena pee Elbersreuth, Prague. 
37.|— propinquum Since id. Beitr. ES OMe eane ten ote cre ctcaste ctelele'eeiaee ermen'etel ss we |(eeallase ib. 
eeu GUeCOStatUMl. Hid. 13.) £.°G. cocacccecucesencvmicvorsleaueltiaceeledcosccsoelsraduc| sm | Bealase ib. 
39. semialatum ........ IGe Mate Patter oceans cocsaea ee ies alot cclersled’s sscsleieateseiae| ste Ps |eee ode ib. 
40. |— semicinctum ...... ToL Osi RY heer Bison San DAMETICERODCOE EE AOOacEEcCSASHeGEnod MptOod Bick a stat lt ee ib. 
41.|— subarquatun ...... its (ha Bs IS GcopaanecdbaconeSenndboqacanutorcoaceonoodd Ooasad bic * Mer libe 
42. |— subgranulatum....jid. 13. f. 15; Gold. 143. f. 5. ...cscceseceseeces[eeeeeelees » ||--.|-..{Gattendorf (Clym. lim.). 
43.|—subsimile ......... 1G Wl Debs aeeser sree ance ae takes caldeide iaccaccmeasll aaelagalteen » ||-..]-..|Elbersreuth. 
44, |— tenuistriatum ..... Ide Gold laste Seles: cnssetecseeccNiselssieccaddasoe| deeded » ||...[-.-{ib. Prague. 
45.|— texturatum......... rolyleie irae! slave GIG ia ihe? bot adnceeeiceotpeobeonboredcl pHbord ces Polina ap lo)s 
46.|— triangulum ........ ld GOldeelA Qe fee Seccen on cde cere sacharewesecaaseae| hastedallens Wesel ead ios 
47.\— trigonum ........... Te TUE Gee ri teen ts eta auitec eden hin edacteacaas| sana tela ig | [aes ee Ds 
48. |— tripartitum......... VR ieg L On, cocecn nen caan cacabalsidansbelsweasiste rca] essacalater * ity 
49.|— tenuisulcatum ..... iG li © (48 ea IS a bg ts ann HRnc SA SAC aE DBS a RRRORenod EE EECE ccc apiileds| vee |LOe 
50. |— Villmarense ....... nob. Tab. Nos. XXXVI. 9 a. anté, p. 375. ...)...00.[.+ x ||--.|--.|Villmar. 
51. |— id. var. @............ nob. Tab. Nos. XXXVI. 10a. anté, p. 375...|....4.|++- giilewalenc{lD- 
2 ee mi-|Phil. Geol. Yorks. 5.f.27; Pal. fos. 17. f. 50.}......).. || | «|Bradley, Halberton, D. ; Bolland, Kil- 
dare, Whitewell, Ratingen, C. 
ile Cardiola anhenlatay enlist, Beitr El. 3. Os f) Qe ssccke-ccvecievewse sel ewes [er ‘ ..|Gattendorf (Clym. lim.). 
2.|— biplicata............ ak ls eas. soeahoocbosdec cceocoeenteiccopsthoceodec Hooded bor ll eel eos 
3.|— dichotoma ......... Ae Ue: Ose sodbeterceecdeceat ec ccmattencad oaleacidae esis aide| sats * ...|/Schtibelhammer. 
4.|— duplicata ........... Heel Seite DOL aeteneatancesten tds’ sncletletcte saa jaaisteas sierra x ||-+-|--.|Gattendorf (Clym. lim.). 
5.|— elegans ..........8. itl: JiZha nlp ibbepckégurocharadconarnectonasonetcrred doudcy tcc y ||...|.-.|Elbersreuth. } 
Gei——"SINUOSA ........000. (Gls Tie TIE ee inh aS Be LCR Oo RSE CEE EE EE In TORR COReC Cen HERRnr Hae % ||...|.../Schitbelhammer (Clym. lim.). 
7.|— spurius .........00. 16 dy J eo. al iceipies: AHA EE DADE BIEBER SESE EERE REE Gener iia » ||-|.-.|Ebersreuth. 
8.|— subdecussata ...... VGA ReL Same) sebecussetcsne cts niecds dase stasis |eddac| ares ms ...{Schiibelhammer (Clym. lim.). 
9. |— tegulata ............ Nop Nem A teenica daiaticiescauscites desadnaastacdiecelses| sinners] vale y ||.-.|...|Elbersreuth. 
PAPI AGATA CAMA=NGs Seite Ula tens eccecucaceeiscecceecdsseescsecsacees| cove] ane ee _..(Schiibelhammer (Clym. lim.). 
lifer. 
2.|— eXcrescens .......+. NG Deel oeetae rate dacieccitdet ccs ceslieveesecwecs| seesaslees Sylleen | aestDe 
Bo—OVALUM ..-c esse cess Td eNe Eee W lO eteseracts onsite cscaccnevebaocceensceselecvesclans y ||.-.|...|Schtibelhammer. 
Agi— Partschil.......000 LG LDERLOMsaneoneaecen. tease ak cceccusaeessdacdecs veeloseaee ~ SAVOY, 
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& GENERA AND AUTHORS AND REFERENCES. ee |a Ei 
S SPECIES. The numerals refer to Species described and figured in Ba ed 5 
6 this Memoir. = & || & 
Zz na AIA 
5.|Lunulacardium pro-|Miinst. Beitr. H. 3. 12. £..19. ..........ceeeeeeefeeeees arell hes 
crescens. 
6. |— pyriforme .......... NG oMgctetien | Onmiee hae cn es eaReeetr wets cutcc ch nasieqcasadealsseeee|oee * 
7.\— semistriatum ...... TEL euaES eno ee ERR MEM URE Maclchsicies ceeds reiasancdpe|sesesel ses * 
8.|— tetragonum ....... Nap AMAR IDEN Nes sdb aedae fete ck etmcetacataacinasccnssulevesse| ans * 
1.|Pullastra antiqua ..../Sow. Geol. Trans. vol. v. 53. f. 28. .........seefeeeeee well ge 
2. |— complanata......... Sow. Sil. Syst. 5.f.7,; Phil. pal. fos. 17. f.56.)...... % || x 
So} —— CLP EGA onacaelestee [Hae joel ws. I. 18, 13a Seee eesodOecnenceceoee A) Sdeded see * 
ZENS) bodpadhopsodened OWe Sls SVS Ne Mel ecnessbscobovcsrmpeanecases|oneesslone * 
1. |Astarte cincta......... Gollel BEG 1% Dy Gasccosocls Seco Uae sue SOc R CEE REEr ee Coeiene For 
2.|\— Neptuhic.. ssi... MunstBeitr. El. So 025 Fi 22. oii. cccse.cceeses|eoees| oer * 
1. |Lucina antiqua ...... Gold] TAGH £7 -santey Pr 376.....1..0500.0ecececeeleassettoes % 
2.\—— limeata ss.icc.ce8. PEEL SNES Ce MIE skc clone lice elioeed cons sveessveferevealens % 
32|-— Dutrenoyi, ....-.--- nob. Tab. Nos. XXXVII. 2, a. ante, p. 375.)......)..- o 
4. \— Pproavia ..cscsseosee. Gold.146.f.6; Tab. Nos. XX XVII.1, a. p.375.|......]..- 6 
Bi l= TUBOSA. ....sa.ccee0e WBE Md 1 Os Gaduticnsy.356 36 4eded do abe NSnEnCoes Napenaoee ecg tne * 
1. |Tellina obliqua ....... Ness pis MDs oe pePeeen ee. has toate cl coceesecsaad eh WBaellsco 
1. |Sanguinolaria angus-|Phil. Geol. Yorks. 5. f. 2; Gold. 159. f.9....] x | «|| * 
tata. 
Qe CATIMAtA ..<.+0.<seel Gold. 159. f. 8. ; aff. Cypric. rhombea, Phil.| , 
Geol. York. 5. f. 10. 
3. |— compressa ......... RCP LIPIEO One eetRPPCREMeeREh tele sci sctindesorhiccissscas|soresc| aes * 
4.|— dorsata ............. ICES MEAN RR CRPMREI Re step Rcciccedosck ena avabeacseees oy | eal 
5.|— gibbosa............. id. ib: f LO: an id’? Min |C. 548. f. 3........% a Ieeallean 
6.|— lamellosa ......... TOT WENO MMMEREL (USERS Meine cSscaccsclscpebscsisseeslecees alles 
7.|— levigata ............ AC et et LA oe PERE RE ERO Roh ln ccc cineieocstsochacecesec/enenoalee'e * 
Sol —byratarecceeaess os PR pale Os OSes eiMly Ue. ce ccceccekocnaccssfees ens soalll 
9.|— obovata ............ IWikhingss, (Betting lal 34 1a ry EOS Aspe ap ea ceeCoeree CORReS Fee * 
10. |— phaseolina ......... CGoloemler pate loreemen ee elt bine strcieractneatescesens|sesece)se * 
DV.\= striata c..cesc swe a Need RN ese cr eeRR Ws tide esRrasiaie scl vist sevessrscece|acssen{ens ees 
12: |— pysmea v....eis LO MULIEN ISRO Oberst cs cicsettebccisac5s-sleicsctaenirecsieescalessens * 
13.|— soleniformis ....... LO MAULASIMOUV REPL EERRIOGR Ft Loe stoic cd eslaneeUies cbc ecee sins e, wee 
14° |j— suldata- Aces. oes. Phil. 5. f. 5; Gold. 159. f. 11; S. concentrica,]......]... * 
Hiatella, Flem. Brit. Anim. p. 462. 
15. |— sulcata .........000. Miinst. Beitr. H. 3. 12. f. 26; Phil. pal. fos.|...... Parle 
17. f. 52, an Psammobia rigida, Sow. Sil. 
Syst.? 8. f. 3. 
16. |— tellinaria ........... Golem OM Stan toes cete tener se clipe(scGebnessadeslersers all se 
W72\— trigona):.........0+0 WMI ienta stint Dew ee Reve ee eee dct oe cles isietsoeslcccchewssfesion selves Be 
18. |— truncata ..........66 NG clamllts O ee tamloptcw eter cnet haa cso.cclsicsctes osless siesta e|ansie ce) dae * 
GSAT de sesenses ees Miinst.12.f.27; Cypric. id. Sow. Sil.Syst.5.f.4.}......] 4 |) « 
20. |— (ndet.)- ......000.6. EAD OV ER TENE eecties sna cbenclcvsinnstascss|eescarlens ne 
1.|Corbula Hennahii....\Sow. Geol. Trans. vol. v. 56. f. 1. ......ccecesfeceesclees * 
1. |Erycina glabra ....... Mitimnst Beltre EdliiGendt ie 28. i encerceeroscetes|aenesalere * 
2.|— pygmea ............ Wel. Tléin its, Beisondgnosndddnadcd 17 500S0006 OUD OREE SERRE REEA) HROREE Ree * 
32|—“striatal .0...sscvssces RUPpU ME RO Aer ser sticreciieacsttlacs esi gests seskicscsisceclesseen|ese * 
1. |Pholadomya Munsteri/nob. Tab. Nos. XXXVII.3, 3,3). ante, p.376.)...... coallhe® 
Oe TACIatay asececssee os (Ola ples pati elle nec cscihesetpiite sists ys eteisssseass|cenessle Ales 
1. |Lutraria prisca ...... (Oldie b ct GoM Blos Onis citea dessa rcines|oe snes orale 
1. |Solen Lustheidii ...... nob. Tab. Nos. XXXVII.4,4 4,46. anté,p.376.|...... scl lage 
2.|— pelagicus .......... Gold. 159. f. 2; Tab. Nos. XX XVII. 5, 5a,}......]... * 
5b. p. 376 
3. |— vetustus .........00 LGUs AILS HSS MET EMW Cc eMRRMEs seichie eSsic Neicisleceinceesscsclecaseeloes x* 
ANNELIDEsS. 
> SErpUla AMMONIA. .2|GOld. O//.cis Desemarateaceniaearesssilesnciierevcceoarselacess|ers * 
2.|— epithonia ......... (ole bei 1a GeSdencuccococ) .dacbennnn “a¢e -OneeOCogECEy) BOSeee Bee * 
3.|— Omphalotes ...... id. ib. f. 3; Spirorbis Hoeninghausi, Stein.]...... ellis 
Mem. Soc. Géol. France, t. i. p. 358. 
1. |Serpularia bicrenata..|Miinst. Beitr. H. 3. 9. £15.  ....c.sesecececerefeceeselors * 
2. |— crenata ...cceseeeee Nel PUD ails Paresh eia eae ase emn cand sciesteriacrsncidcel caaeea)ane * 
RapIARIA. 
LP Grdatites (iracmMeCnG) MO UCOD. Uesns<cucsscecssssseesteseqiresiescdenedcaesden|aceeas|sns % 


| Dev. &Carb. Sp. 


| 


Localities in Europe. Elsewhere. 


Carb. Sp. 


../Schiibelhammer. 


Alege) (loys 

..{ib. 
.|-.-|Geiser near Presseck (Clym. lim.). 
.|...|Plymouth, Pilton, Marwood. 

..|Near Bridgenorth, Shrops.,S.; Pilton, 
.|Petherwin. [D. 
.|Felindre, 

Ratingen. 
.|...| Presseck. 
.|...|Hifel, Paffrath. 
IANO 
.|...,Sdtenich. 
../Eifel, Bensberg, Lustheide, &c. 
. jib. 
...|Kemmenau. 
../Siebengebirge, S.; Eifel, D. ; Peredki, 
Valdai, Bolland C. 
..| Westerwald. 


.|...| Eifel. 
.|.../Altenahr, S., Eifel, D. 
.../Altenahr, S.; Ireland, C. 
wa.|--|Muifel. 
Niaseiloys 
S| see etltons 
...|Elbersreuth. 
.| Eifel. 
Regnitzlosau. 
.|Schiibelhammer. 
...,Altenahr, Siebengebirge. 
..{ib. Moscow, Peredki, Northumb., C. 


..|Aymestry?S.; Petherwin, Schiibel- 
hammer, D.; Combe, C. 


.|...|Eifel. 
..|...|Elbersreuth. 
.|...{Eifel. 

..|Near Aymestry, 8.; Schiibelhammer, 
.|...| Willmar. [D. 
.|...|Plymouth. 

..|Elbersreuth (Orth. lim.). 
Abselblloys 
sane (ibe 
|...|Eifel, Bensberg. 
Aorltloy, 
.|...| Eifel. 
...|...| Lustheide. 
..|Kifel. 


ib. 


narloe Gerolstein. 
..|Bensberg. 
ib. Eifel, Ferques, Lake Ilmen, Volkof, 
Voroneje. 
enalloon Elbersreuth (Orth. lim.). 
..{ib. 


Chimay. Fragments not uncommon 
in Carb. Limestone in Belgium, 
Scotland, England, and abundant 
in the same beds in Russia. 
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3 a. \elélale 
& GENERA AND AutTuors AND REFERENCES, £8 a 8)/S ie nwt hs 
S SPECIES. The numerals refer to Species described and figured in Bm ad $ * s pcalittes in Kurope. Eecen ete 
6 this Memoir. = ® || o |] 
Zz a Al]AA 
1. |Cyathocrinites dubius|Miinst. Beitr. H. 3. 9. f.10.......:seccseseeseees[eeeeeefers * a Schabelhammer, Gattendorf. 
2.|— ?ellipticus? ....... Phil spalfos al Gai p40 samt cn athp ncn ener aris tsetse «lan » ||---].--|Petherwin. 
3.|— geometricus ....... Gold. 58. f. 5; Phil. pal. fos. 60. f. 41*......}......].+- « ||-+-|--.| Newton, Eifel. 
4.|— macrodactylus ....|Phil. pal. fos. 15. f. 41......0..0.0ccenscepeesueces[seeere|eos » ||-.-|...[Brushfort, Pilton. 
5.|— ? megastylus?...... OR BARA G Oy iy caccoaqnastcesdenadtiaas wed AsobeEoan labd560 coel| ae Hae [ee Whitesand Bay, D., Whitewell, C. 
6.|— ? nodulosus? ...... Cs La 8 Bey ih ennbotioaoe pode cise Hose nCeAEnpReHon Gceon Coc x ||---]...| Torquay. 
7-|— pinnatus ..... Socuels Gold. 58: f. 7; Philypal- fos. 16. £, 45. ......|...00. » ll || « |---|West Gottland, S.; Mudstone Bay,|State of New 
Eifel, Goslar D.; 2tNshiburton, C. York. 
8.|— rugosus ..........6. id. 59. f. 1; His. Leth. Suec. 25. f. 3; del...... SUieite ..| Wenlock, Dudley, Oeland, Gottland, 
B. Beit. Geb. Russl. p. 62. Dalecarlia, S. ; Eifel, D. ; Valdai, C. 
EI —— teres) ...0+s00sseeeee WMiriaet:. Latah, [BI SAG Se Capone: Rosch -cosaecee fsdoad| ce *|||Gcc| bac Schiibelhammer. 
10. |— tuberculatus ...... Mill., Gold. 58. f. 6; Sil. Syst. 18. f. 6,75] 4 |--+[]-+-{f-+ + |Dudley, banks of Rhine, S.; South 
Encrin. moniliformis, Fisch. ; Oryc. Govern. Ireland, Valdai, Moscow, C. 
Moscou, 40. f. 1. 4-6, 41. f. 1-4. 
11. |— variabilis ........... Bhilpaletos:: UG.f. 480s screscacsceereprewesced|eeseealaes © {lee leise Pilton 
ie Lunodocrinites \cartali=|GoldsGO:, fo.G...c.cccceescesccesacsdueceacsorcescsaccieesees] osc ® |Nlesclaor Eifel. 
culatus. 
2.|— crenatus ............ en OA eile oye oatucases ent cenmine tome veradan ceeas dal sis acl soe # |[eeefers ib. 
3. |— gyratus..........006. it ICO RS Bar Ve Senor ane cine nOnob sock ces bac “aed merece be Bortad bec x |[eeefer ib. 
Pea GUL Ue PAGiRuS a. c\1G. IDs,0" Dy ciadsiccsssence sees ccs cucgetebensecesseusd [scree] see & |[eoefoes ib. 
Ba |—VETUS |e scsenraceasses Millersidkiibat Sates 6 oth cee eects ee Olt une x || x || « |---[Dudley, S.; Eifel, Volkof, Tchudovo, 
Des ; Mendip Hills, Bristol, Donetz, C. 
mei eeetrersnaes levis ...|Gold. GO. £2 22.05 ...55.c.sponeescnevacconcesdansesmes|saeens[ere » |le2|---[Eifel, Baireuth, D. ; Regnitzlosau, C. 
2.|— fornicatus ......... Ida NOVA AGH EAGAGs Setar ae meats e sree cscs |aceeee leas # |[eeeler ib. 
3.|— gibbosus............ 16 EN it ON Ae raniusbaenec ceccech ria Sed sceEReAiia lOpemoH Kase x |leoe[oee ib.. 
PERRO NICS 2110 OO. FW ee... orntacncancdocosackodMancadssqad{esecod}ees « ||* |* {ib., D.; Stolberg, C. 
5.|— pyramidalis ...... Idee INOV PACH. Cad. Sle hand tame eehecbesices aat| esieeea| see a oo a ib. 
6. |— verrucosus ......... ia dl TO pe tose epee Pein oningtteR aes HSE eprne: Ach GRGRERAREEH RpCRe adc % Sane 
Pe HEREOCOMA ANtIGUa--lId.\1b: 32. f:.5- “..ccsceccscedecovegetoncespesscvats|seoeodhees x |evefees ib. 
APectimOcrinites CMa W=id. HOLL Tu. cascssccccser scence sereusgcrescscocsececos|snscelens £4) [oe oe ib. 
latus. 
2.|— Gilbertsonii ...... Melocrin. Amphora, Gold. Nov. Act. Acad.|......|.-. xl], |---|Eifel? D.; Yorkshire, Bolland, C. 
Silene 
Be BVISs osccscsseccosese Gold¥iNow Acts Neadtitiseee noi eu ce ddaedloeneenl see x || x | * jib., D., Ratingen, C. 
4.|— moniliferus ....... VL ortlnseter OS ahee sebete oe ae etitawe teres vide ccetcicotaeeloemacteleee % lection [EDs 
5.|— muricatus ......... 100 PLO eats Gore er CaCO RTAG AcE Hees RanH On Bee Gridbee ce aceen kpc  ||see|eastlbe 
6.|— nodulosus ......... ASAD pid Qeiess ae aaa cialn Sacto tae pewanan diaaebecesuasalteenet hess * «+ fib. 
MENS ISURIACUS ..csccccssee Miinst. Beltre Se Ovital le tacts. cemetocssdatcnlecwsasites x ||-..|---|Geiser, near Hof. 
8.|— tenuistriatus ...... Phil? pal fos wlGrvt. Aes macsteecheter asc cecsesaclssaces| eet x ||--.|---|Linton, Pilton, Plymouth. 
9. |— triacontadactylus..|Mill., Phil. pal. fos. 16. f. 43. .....ccccsseceeesefecneeefeee x || * |---[Newton, Eifel? D.; Yorkshire, Bristol, 
South Ireland, Mendip Hills, C. 
1. |Platycrinites decago-|Gold. Act. Acad. Cas. v. xix. p. 19.......ssecc.[eeeeeeloee Ss ..|Eifel. 
nus. 
2.|— depressus........... Cola Po foal lessee Rennqha ice dooce CBee REE Neen es PRET bac x ||x |* |ib., D., Ratingen, C. 
3.|— hieroglyphicus ...jid. Noy. Act. Acad. 31. f. 9......cccscscscocssescloreces[ers Pal ood ocd He 
ao tatenseapularis:....\Phile pal, fos: V4 \f. SOs \accsseesise once dedecacenpeelaceded lors * ||---|---[Plymouth, Newton. 
ye |——TOMMALUS ...ss.eseeee GOldeeINOV: PACi. ACOUs si sdutclncceischavenssdstnelensteslece x ||---|-+-|Hifel. 
6.|— pentangularis ..... Nil boils palytoss O0Nf.42* 5p. U35. c..seelecemcetoce x || « |---[Newton, D.; Bristol, Tournay, C. 
7.|— tabulatus .......... Gold sNoya Act Acad ucnanchecucteadecasetpaslisessclacs x ||--+|--| Eifel. 
8./—tuberculatus ...... My Phil 3. fu7-s ids Pal. fossGO: if. SOPs. |ace.ccl-< x || « |---/Newton, D.; Bristol, Bolland,Tournay, 
9. |— ventricosus ........ Olde SS auhede ete nee esc e cc oe cee ee ab aie Sosuanbeesaoenlnas » ||---|---|Hifel. [C. 
ie celoetialvestttystrix-|Phil. pal. £08. 16. f.'42...2..cs.soeeranereereooececleooseolees » {|---|..-|Brushford. 
1, |Pentremites ovalis ...|Gold. 50. f. 1; Phil. pal. fos. 14. f. 40. .....,[......{0 « ll* | [ib., D., Ratingen. State of Ten- 
1.|Spheronites tessella-/Phil. pal. fos. 59. f. 49**. [DERE Sa | Gounmapenab peosod doe y ||.-.|---/South Devonshire. nessee. 
tus. 
aeirestyptocrinites! 10-|Gold. 64, f. 7-.<.<ccisesvescrcdedcastecchacddvancacceclrasees pelle ../Gottland, S., Eifel, D. 
saceus. 
Me TIOVESSOCLINILES CLAS-11d 5 O45 £. 4:5, .ucccceaciacenensssedersacetpacs gece scieag|eonsee|ove Ae ..|Eifel. 
sus. 
2.|— abbreviatus ....... Idea Noy Act WAcad:/30. f4,.hecetscetecscesesclacelccleas 3 ..{ib. Villmar. 
3.|— elongatus .......... (Ol; Dl biastié, oaltinddcisrses NOC OOMOAR ETI E TG ROBE A Ieper em pean a * jib. 
4, \|— eracilis ............. ROME EM ees emt ee calc Nos eats cuts icccivscel lee » ..{ib. 
5.|— tesseratus ......... Tyo OomtemItemerten ene edu nc, A ccpicesisssisen|saoretince . ib. 
6. |— tetragonus ......... IdN OVEMNC PA CACM SOA th Stccctasrgochoccuoudeclrcecetlens * fib. Perry County, 
1.|Eugeniacrinites me-lid. 64. f. 6; Haplocrinites spheroideus, Stein.|......|... % ib. State of 
spiliformis. Bull., Soc. Géol. de France, &c. t. viii. p. Tennessee. 
2321. 19: 


Description of the Fossils in the older Deposits of the Rhenish Provinces. 
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2 GENERA AND Auruors AND REFERENCES. ee lal aial@ Re aes 
S SPECIES. The numerals refer . a Sra described and figured in im Sai et es = cea a Elsewhere. 
= his Memoir. = [sib a/o 
Z % jalala 
2.|Eugeniacrinites ses-|Miinst. Beitr. H. 3. 1840. 9. f. 7. cssccsseceeafeceneefere ©s{flogd|lo60 Schttbelhammer. 
silis. 

My Rentaeriaitess pLisCus.|Goldibarifigarceccstsseiarecs:ssccecssceseesscencees|ecuessloos & ess bac Eifel. 

1./Triacrinus pyriformis|/Miinst. Beitr. H. 1. 1839. 1. f. 4........cseeee[eeeeeefees [leo lade Schiibelhammer (Clym. lim.). 

2.|— granulatus ......... RO Lem OMIM RE ORP RM eA c ec scecoscsiecesesveoese|eseces| avs pllsactaes|LDe 

Pa ASECROELINOS LUNG Combed Galicig: ac ceeaeck sche tes cnseccescccescesescsces|cossosfacs a ..{Elbersreuth (Orth. lim.). 

soni. 
1.|Scyphocrinites _ ele-jid. Beitr. H. 3. 1840. 9. f. 8. ....sscceccsecsesefeceersfers m ..{ib. Bohemia. 
gans. 
1.|Ctenocrinus typus ...|/Bronn, N. Jahrb. 1840. p. 542; Tab. Nos.| , ..|Ems, Haiisling, Nassau. 
XXXVII. 7. anté, p. 377. 
1.|Halocrinites pyrami-lid. ib. t. ix. p. 295. 6; an Cupressocrinites}......}... 5 ..fib. 
dalis. crassus varietas? 
ForRAMINIFERA. 
1.|Indeterm. species .../Phil. pal. f08. p. 153.........scssessconeeccasesceac|essenel one 3, |lesdoos Cannington Park (North Devon), and 
South Devon. 
PoLypPaRia. 
1. |Amplexus tortuosus..|Phil. pal. f0S. 3. f. 8.......sceccsccseeerserscsscese|eereae[ene - ..|Petherwin, Plymouth, Torquay, D.; 
Clane, Kildare, C 

1./Caunopora ramosa.../Phil. pal. fos. 8. f. 22; Lonsd. Geol. Trans.}......]... 11 {l664lfonc Chudleigh, Babbacombe, Eifel, Elbers-|Ural, neigh- 
vol. v. pp. 703, 737, 738. feld, Hagen, Schwelm. bourhood o 

1. |Alveolites reticulatus./Stein. Mém. Soc. Géol. France, t. i. 20. f. 5.......]... &Illeotllee.: Eifel. Bogoslofsk. 

1.|Criserpia Michelini...|Milne Edw. Dict. des Sc. Nat. Suppl........+-Je.seeefee P| Beclece ib. Néhou. 

1./Aulopora conglome-|Gold. 29. f. 4; Lonsd. Sil. Syst. 15. f. 9. ...J...... ell ello ber Wenlock limestone, S.; Bensberg, 

rata. Eifel, Refrath, Ferques, D. 

2.|— consimilis .......... Loma Sill SiS Ln 16/5) Besos apnecebadcapodead poaron alle laced bee Wenlock, S.; Eifel, Refrath, Ferques, D. 

3. |— Serpens ..........06- Gold. 29. f. 1; Lonsd. Sil. Syst. 15. f. 55)...... ralll< [lesa lade Gottland, Dudley, &c., S.; ib. ib. ib.|Perry County. 
Alecto, Stein. loc. cit. supra, 20. f. 9. Bensberg, Néhou, Voroneje, 1D} 

4.|— spicata ........c00+ Gigi. Ts 1, Gb oncoccoamoonnpobesacereippporposeedecred Brscdd ene Failaodlen Kifel, Refrath, Bensberg. 

5.|— tubeformis......... id. ib. f. 2; Alecto, Stein. loc. cit. supra,|...... lifes, Mloodlese Wenlock lim., S.; Ferques, Eifel, 

p. 341. Refrath, D. 

1, |Favosites alveolaris ..\de Blainv., Man. d’Act. p. 402; Milne Ed..,]...... |{he | lbael lose Aymestry, Wenlock,  Llandovery,|Ural, Perry 
2nd edit. Lamk. Anim. sans Vert. t. ii. p. Revel, S.; Ferques, Eifel, D. County, 
320; Lonsd. Sil. Syst. 15 bis. f. 1, 2; Fav. State of 
prismaticus, Stein. loc. cit. supra, p. 335 ; Tennessee. 
Calamopora alveolaris, Gold. 26. f. 1. 

2.|— basaltica............ de Blainv., loc. cit., reunited to Fav. Goth-]...... x ll x \Gottland S25) Butels 1) wines cstsecsneeete Lake Erie, 
landica by Lonsd. Sil. Syst. p. 682; Cala- Drummond, 
mopora, id. Gold. 26. f. 4; His. Leth. S.; States o 
Suec. 27. f. 5. New York 

and Tennes- 
see. 

Sri AIDTOSR | acussetocens ib. Lonsd. Sil. Syst. 15 bis. f. 6; Phil. pal.|......] |)» |l-sfess St. Petersburg, S.; Eifel, Bensberg, Kentucky, 
fos. 9. f. 25; Microporus, Stein. loc. cit. Fowey, Hillsborough, Combe Mar-| State of 
supra, p. 337; Fay. petropolitana, Pander, tin, Darlington, Sharkham, D. New York. 
Beitr. Geogn. Russ. p. 105 ; Calamopora, 

id. Gold. 28. f. 3, 4. 

4.|— Gothlandica ....... id. ib. Lam. Anim. sans Vert. t. ii.; Lonsd.|...... lt teoelboe Aymestry, Wenlock, Tortworth, Gott-|Ural, Lake 
Sil. Syst. 15 bis. f. 3, 4; Phil. pal. os, Toile land, Dalecarlia, Lithuania, Dalma-} Erie, Drum- 
21; F. prismaticus, Stein. loc. cit. supra; tia, St. Petersburg, Revel, Island of] mond, S.; 
Sarcinula angularis, Flem. Brit. Anim. p. Dago, S.; Plymouth, Sharkham,} Nashville, 
308; His. 27. f. 4; Calamopora, Gold. 26. Babbacombe, Eifel, Refrath, Paf-| Missouri 
f.13! frath, Néhou, Izé, Voroneje, D. Kentucky, 

State of the 
Ohio, New 
j ; Holland 
5. |— ?infundibuliformis|Calamopora, id. Gold. 27. f. L.....csscececceceeeleceeeedoes (bod ae Eifel, Bensbetg, qasascdescnmess cee aseeaeet Perry County, 
Kentucky. 
6.|— polymorpha ...... Lonsd. Sil. Syst. 15 bis. f. 2; Phil. pal. fos.}...... (9 toad oe Steinlacke near Weilburg, Lahn near/Most common 
8. f. 20; Thamnopofa, Stein. loc. cit. su- Villmar, Goslar, Ludlow, Esthonia,| in the Ural, 
pra, p. 337; Calamopora, Gold. 27. f. 2, S.; Eifel, Bensberg, Newton, Bar-| State of 
3,4; His. 27. f. 6; Alveolites reticulata, ton, Torquay, Combe Martin, Bab-| New York. 
de Blainv. Man. d’Actin. p. 405. bacombe, Plymouth; and Chimay, 
Couvin, Chaudfontaine, Paffrath, 
Lustheide, Langenaubach, D. 
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GENERA AND AutTHors AND REFERENCES. 


SPECIES. The numerals refer to Species described and figured in 
this Memoir. 


Localities in Europe. Elsewhere. 


Sil. Sp.in Rhen. 
| Dev. & Sil. Sp. 

| Devonian Sp. 

| Dev. &Carb. Sp. 


-|Favosites Spongites. .|Lonsd. Sil. Syst.15 bis. f.8 ; Phil. pal. fos. 8.)...... * Dollindorf, Voroneje, Dudley, S. ;|Drummond, 
f.23; Alveol. suborbicularis, Lam. loc. cit. Wenlock, Sweden, Plymouth, New-| W. 

supra, p. 286; Gold. 28. f. 1, 2; His. 27. ton, Babbacombe, Ferques, Chimay, 

f. 7, Couvin, Chaudfontaine, Eifel, Bens- 

berg, Paffrath, Lustheide, D. 


sy | No. of Species. 


* 


.|Syringopora cespito-|Gold. 25. f.9; Lonsd. Sil. Syst. 15 bis. f. 10. Wenlock, S.; Paffrath, D. 
Sa. 


id. 38.f. 16; Lonsd. Sil. Syst. 15 bis. f. 12... fod|for Groningen (Diluv.), Ludlow and 

Wenlock rocks. 

-|— ramulosa ....... ...jid. 25. f. 7; Phil. Geol. Yorks. Part 2. 2. f. 2. ...|]-+.|-+.[ « |Limburg, S.; Mendip Hills, Olpe, Visé,|Ural. 

Coalbrook Dale, Bolland, Kirby, 

Moscow, Vitegra, Valdai, C. 

ssasaawes id. ib. f. 8; His. 27. f. 2; Lonsd. Sil. Syst. x |x |Wenlock, Gottland, Sweden, S.; Chi-|State of the 
15 bis. f. 10; Phil. Geol. Yorks. Part 2. may, D.; Olpe, Ashford, Derby- 
p- 202; Harmodites radians, Fisch., Oryc. shire, Moscow, Valdai, C. 
Govern. Moscou, p. 161. 37. f. 6; Bronn, 
Leth. Geogn. p. 51. 


&Tennessee. 
-|Catenipora escharoi-|Lam., Gold. 25. f. 4; His. 26. f.9; Lonsd. ?||...]...|Gottland, Dago, Aymestry, Wenlock,{Drummond, 
des. Sil. Syst. 15 bis. f. 14; Halysites, Fisch., Lickey, S.; Eifel (rarissima), D.?| S.; States 
Oryc. Gov. Mosc. 38.f.3. p. 164; Bronn, Diluv. of Vilna. of the Ohio 
Leth. Geogn. p. 52. and New 

York. 

-|— labyrinthica Gréningen, Gottland? Island of Dago,/Drummond, 

S.; Diluv. of Vilna. S.; State of 

New York, 
Perry and 
Davidson 

j County. 

.|Porites pyriformis ..../Ehr., Lonsd. Sil. Syst. 16. f. 2; Astrea po-| x Banks of the Lahn, Steinlacke near|Ural, State of 
rosa, Gold. 21. f. 7; His. Leth. Suec. 28. Weilburg, Aymestry, Wenlock} Tennessee. | 
f. 2 ; Heliopora pyriformis, de Blainv. Man. Edge, Marloes Bay, Island of Dago, 

d’ Actinol. p. 392; id. interstincta, Bronn, S.; Plymouth, Torquay, Newton, 
loc. cit. supra, 5. f. 4; Phil. pal. fos. 7. f. 19. Ogwell, Eifel, Bensberg, Refrath, D. 

.|Coscinopora placenta|Gold. 9. f. 18 ; Lonsd. Geol. Trans. vol. v. 58. Plymouth, Ogwell, Newton Bushel, 
f. 5; Caunopora id. Phil. pal. fos. 10. f. 29. Eifel. 

.|Columnaria stellaris..|Stein. Mém. Soc. Géol. Fr. p. 343 .+.[-+.{ Eifel. 

. |Astrea ananas Lam., de Blainv., loc. cit. supra, p. 369; ...|..-|/Wenlock, Gottland, Dalecarlia, S.; 

Lonsd. Sil. Syst. 16. f.6; His. 28. f. 1; Ferques, Chaudfontaine, Eifel, Re- 
Cyathophyllum id. Gold. 19. f. 4. frath, D. 

.|— helianthoides ....|Gold. 20. f. 2, 21.f. 1; Astrea id. de Blainy., ...|...|Oberbicht, Plymouth, Babbacombe,|Lake Huron, 
loc. cit. supra, p. 375; Lonsd. Geol. Soc. Sharkham Point, Ogwell, Torquay,| States of 
vol. v. pp. 703, 737 ; Strombodes id. Phil. Chaudfontaine, Eifel. New York 
pal. fos. 5. f. 13; Monticularia areolata, and Tennes- 
Stein. Mém. Soc. Géol. Fr. t. 1. 20. f. 10. see. 

Lonsd. Geol. Trans. vol. v. 58. f. 3 ...|...|Plymouth, Barton, Newton. 

Phal-spal-pfoss, Oo yb Zemetiscdedecmaadwacdedescstens ...|...|orquay. 

de Blainv., loc. cit. supra, p. 375; Lonsd. ...|.../Plymouth, Ogwell, Torquay, Chaud- 
Geol. Trans. vol. v. 58. f. 1; id. Phil. pal. fontaine, Couvin, Namur? 
fos. 6. f.15 ; Gold. 19. f. 3; Cyathophy]. id. 

.|Strombodes vermicu-|Lonsd. Geol. Trans. vol. v. 58. f. 7; Cyatho- Gottland,S.; Plymouth, Ogwell, New-/States of New 
laris. phyllum id. Gold. 17. f.4; His., Phil. pal. ton, Ferques, Kifel, D. York and 

fos. 7. f. 14. Tennessee. 

. |Petraia celtica Lonsd. Geol. 58. f. 6; Turbinolia, Lamour. ; Dinas Cove, Padstow, Berry Pomeroy, 
Turbinolopsis id. Phil. pal. fos. 1. f. 1. Cornwall Bay, Petherwin, Brushford, 

Kerliver near Le Faou (Bretagne), 

Drolshagen, D.; Combe, C. 


ib. 
ib. Schttbelhammer. 
Lickey, S.; Eifel, D. 
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g & |@ 
x) Pane line 
a GENERA AND Autuors aND REFERENCES. AS |r 
Ss SPECIES. The numerals refer to Species described and figured in Em & 
c this Memoir. -! 5 
A a 10 
2. |Cyathophyllum Cera-|Gold. 17. f. 2; His. 28. f. 15. ......cccsseeeeeeefeseees 5 
tites. 
3.|— cespitosum.........jid. 19. f. 2; Lonsd. Sil. Syst. 16. f.10; Phil.}...... i 
ae fos. 3. f. 10; Lonsd. Dev. Syst. 58. f. 
; Caryophyllia, Stein. loc. cit. supra, p. 
a 
4.|— dianthus............ Gold. 15. f. 13; Lonsd. Sil. Syst. 16. f. 125)...... x 
Caryophyllia truncata, His. 28. f. 14. 
5.|— hexagonum ........ Re OMe erey DOP Melita cpnodevotlenssuecsnsenereos|so0000]e0s 
6.|— excentricum ...... TORU OE Marte lontncstee esse ect ales sloctecls ahodhbbhseeel caw eot| tnt 
(-|—POXPlaNAtUAT Fy occestIUs ID. iPepD. oc. cee..teccen--oboorecevecscscessecesoees|scosies lode 
8. |— flexuosum ...... Suc LCi = Hem Si MEMIS ZOE Se locate. eeecsesreesbenleveeet sy 
9. |— hypocrateriforme .Jid. 17. f. 1. ..........s.ceeceesesceererccneescesrenee SpGood| {ons 
10. |}— lamellosum......... Aer Seedereeyecase<deseetnteece ace oieee vache cuees ees beniel seszaatees 
11. |— lituoides? ......... UNS ECLUM MENS On tals  teoverccersaresse|eessec|ses 
12.|— marginatum........ (Hild, WG, Th.Zig, abegnscegnasd0odnensedosnoecaneae aed Rapsea! (he 
13. |— placentiforme...... Waly IS, 12S ooécosdcadeaneibes zpeoboan saps oper aecads 264 ARBRE Rica 
14,|— priscum .........+.- Mimst.) Beitr, HIS 9f. 2. ...s..ceessessseee|s ecco] ates 
15.|— quadrigeminum ...|Gold. 18. f. 6, 19. f. 1; Lonsd. Geol. Trans.|......|... 
vol. vy. p. 703; Columnaria sulcata, Gold. 
24. f. 9; Cyathoph. basaltiforme, Phil. 
Geol. Yorks., Part 2. 2. f. 21, 22; Manon 
favosum, Gold. 1. f. 11. 
16. |— radicans ..........+. 1 UUM AM RM E es sGlote oa fia cslaseshioiestovesaceenhes|secens|ous 
17.|— secundum ......... LPB Sieh eee aerte seis adneaclcniunnttsodvesecsses|ooscac|ses 
18.|— turbinatum ........ id.16.f. 8; Lonsd. Geol. Trans. vol. v. pp.703.]...... * 
737; Phil. pal. fos. 7. f.9; His. Leth. Suec. 
200 f. 00. 
1.|Cystiphyllum cylin-|Lonsd. Sil. Syst. 16 bis. f. 3. .....seeceeeseeeeefeceees * 
dricum. 
2.|— Damnoniense...... id. Geol. Trans. vol. v. 58. f. 11; Phil. pal.}......)... 
fos. 4. f. 11. 
3.|— Siluriense........... id. Sil. Syst. 16 bis. f. 1,2; Cyathophy]. vesi-}...... ¥ 
culosum, Gold. 17. f. 5, 18. f. 1. 
4.|— vesiculosum ...... Phil. pal. fos. 4. f. 12. (referred to the Cyath.]......|... 
id. Gold., although distinct from the Cyst. 
Siluriense, Lonsd.) 
1, |\Turbinoliavcaliyeularis| Steins Pi B44. 4, sisccv-c5<cscscececusecocesessessceeleceteenlere 
2.|— corniculata ........ MAM eneeeaseeteto MRE cine csloosabavsbeodesssces|oaecos|ees 
1.}Anthophyllum bicos-|Gold. 13. f. 12. Probably a Cyathophyllun)......}... 
tatum. with the cortex removed, as stated by M. 
Steininger. 
1. |Caryophyllia flexuosa|Lam., Lonsd. Sil. Syst. 16. f. 7. ......scseesee{eceees * 
Pe itBOdeNnArOM CSPI OSA ce cerececscns Hecalvecorecdsiecdessssestlloessecfarrs 
tosum. 
1; \Larbmolopsis: pluric|Phil, pal. fos. 2 f.ioviece.s.tsccvesdecovcscsscsdee|sacees fies 
radialis. 
2.|— id. var 5. a...cveee TGAMED: AD SEND ICC ae seid: acsioalosos cron seneseeses'sd|oeevedtors 
eH ELeuat EN PA OCUAL A mene nDo owl ADeiientds(orscdecebosdeadsacsessseseedl.aciaelset 
1. |Limaria clathrata ..../Stein., Lonsd. Sil. Syst. 16 bis. f. 7. .........).0.. * 
2.|— fruticosa .......... Ids LHS My MODIS is 85. decesasacosadevcese sed] sh owes % 
1. |Ceriopora affinis...... Gold AG4e sis Wlearmeeeapeeaemaae die veseies descesslese|saceecl aes 
2.|— granulosa ......... id. ib. f. 13; Lonsd. Sil. Syst. 15. f. 29.......)...... * 
3.|— oculata .....-...0e. AG sSID it LAdonctdte eer mntes ssteedecscerscescseeseseesc|scotectacs 
4.|— punctata ........+.. He tD. ie LO nes, otteenseeters<Besaecs sles cclessesesecsese|soacce|ece 
5. |— verrucosa ....s.+-+ id. 10. f. 6; Phil. Geol. Yorks, Part 2. p.j......}... 
200. 
1.|Eschara dubia ....... DECIN NPs OOOs ce cvsoosenssbraibdateradesdieeoteaseyce]oessacldee 
1. |Gorgonia assimilis..../Lonsd. Sil. Syst. 15. f..27. c..cecsecscscsereeeee|eceeee * 
2.|— infundibuliformis. |Gold. 10. f. 1; Escharites retiformis, Schlot.| , |... 


Petref. p. 342; Retepora, Schrot. Einleit. 
9. f. 2. p. 480. an Retep. id. Lonsd. Sil. 
Syst. 15. f. 24. 


de VERNEUIL’S 


| Devonian Sp. 


* 


| Dev. &Carb. Sp. 


* 


Carb. Sp. 


Localities in Europe. Elsewhere. 


Gottland, East Gottland, S.; Chimay,|Ural, States o 
Couvin, Eifel, Bensberg, Oberscheld,| the Ohio, 
D. New York, 

&Tennessee, 


sesloee 


selene 


secleee 


seelece 


seeleee 


Wenlock, S.; Plymouth, Torquay,|Ural. 
Ogwell, Ilfracombe, Combe Martin, 
Lee Quarry, N. Devon, &c.; Ferques, 
Chimay, Eifel, Bensberg, Refrath, 
Paffrath, Langenaubach, D. 

Wenlock Edge, Gottland, S.; Eifel, 
D 


Rifel, Bensberg, Refrath. 

Ratingen. 

Bensberg. ‘ 

Lahn near Villmar, Gottland, S.; Eifel, 
Bensberg, D. 

Eifel, Bensberg. 

ib. ib. Refrath. 

Geiser (Clym. lim.). 

Bensberg. 

Couvin, Eifel, Bensberg. 

Schiibelhammer (Clym. lim.). 


State of Ten- 
nessee. 


--»|Hifel, 


Bensberg, Refrath, Paffrath,|State of New 
Chaudfontaine, D.; Yorkshire, Ve-| York, Nash- 
reia, Miatchkova, C. ville (Ten- 
nessee). 


Ferques, Eifel. 
Eifel, Bensberg. Tennessee. 
Wee Prolimore Well, Shropsh.,|State of New 
, Gottland, West Gottland, S.;} York. 
pee Ferques, Kifel, Bensberg, 
[D. 


..|Wenlock, S.; Eifel, D. 


seeleee 


saeleee 


seeleee 


sealewe 


Plymouth, Ogwell, Newton, &c. 

Wenlock, Dudley, S; Couvin, Eifel, 
‘Dy: 

Babbacombe, Eifel. 

Eifel. 


ib. 
Heisterstein in the Eifel. 


..|...|Malvern, banks of the Baltic, S.; Eifel, 
-|...|Bensberg. [D. 


-|-.-|Brushford, Linton. 


..jb. ib. Fowey harbour. 

..|...|Barton. 

.|...|Dudley, S.; Eifel, D. 
..jib. S.; Eifel, D. 


S.; ib., D. 


ae peace D.; Florence Court, C. 


Eifel. 
Wenlock, Dudley, S. ; Eifel, D. 


../Ems, Elbersfeld, Lindlar, Wipperfurth, 


Gimborn, 
bach. 


Kemmenau, Heigersel- 
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g evil 
& GENERA AND Avuruors AND REFERENCES. £5 | 
z) SPECIES. The numerals refer to Species described and figured in am 2 
S this Memoir. a o 
Zz an i=) 
3.|Gorgonia ripisteria...|Gold. 7. f. 2; Phil. pal. fos, 11. f. 30. ...... a |e 
1. /Ptylodictyalanceolata|Lonsd. Sil. Syst. 15. f. 11; Flustra id. Gold.) 
37, 1.2. His. 29. 10: 
1. |Flustra? radiata ...... SUING GLU) Tie ha. ~ conbendnenenas Iccoouseacmeosanscdadaso00s te 
1./Glauconome __bipin-|Phil. pal. fos. 11. f. 33......sceseeeeeeeeeneeeeeneeftoe ees te 
nata. 
2.|— disticha .........0 Gold. 64. f. 15; Lonsd. Sil. Syst. 15. f. 12...]----+- * 
1.|Fenestella antiqua ...\var. 6, y, Lonsd. Sil. Syst. 15. f.16; id. Geol.|.--.-- * 
Trans. vol. v. 58. f. 2; Phil. pal. fos. 12. 
f. 35; Gorgonia id. Gold. 36. f. 3 
eet AWA C4 CL ela eels antes stern sate scala es ec ilela(eatele elute eissicitsia\ss'slsiciamte'sis slelelatss(slss 
3.|— id. var. 0. ..... Boel lotiStocnee rOaUaCe SOLON ae EeSP cc eae ace ened: HeMcebog ae (aor eal tec 
4.|— arthritica ....... Bae bil eppals|fOS-, 2st. SO eccsenioesanswedusocsnreszins| se os=|ps> 
Be\—— lAKA, .occecene seeseee-(Phil. Geol. Yorks. 1. f. 26, 30; Fenestella id.}---:--|.-- 
Phil. pal. fos. 12. f. 34. 
G. |— Prisca ....0...600 »--|Lonsd. Sil. Syst. 15. f. 15 & 18; Reteporal.----- * 
id. Gold. 36. f. 19; Phil. pal. fos. 13. f. 37. 
1.|Retepora antiqua..... GOldG it VO rcceseoutetes spate tenecitsdseetensten erence las 
2.|— flabellulum ........ SITY Dit \U SugReenBeBeHOEeSEEREnSOnEENcneoncosoRces jason aoc 
3. |— pertusa?......cceee Stein. loc. cit. supra, 20. f. 8. p. 340..........Jerreeefer 
1.|Discopora antiqua ...|Milne Ed., 2nd edit. Lamk. t. li. p. 253 ;}---+++|-.- 
Lonsd. Sil. Syst. 15. f. 21; Cellepora id. 
Gold. 9. f. 8. 
1. |Cellepora favosa...... Gold. 64.f.16; Discopora, Lonsd. Sil. Syst.|------ * 
Ns 16 PR 
2.|— tenella ..........6+ Stein. Mém. Soc. Géol. France, p. 333. ......Jerere7}++ 
1. |Millepora exigua...... iWGls SYED. eccecnameinscos nec pas: oUbERnaso cae BeCobcE ced [oso tee 
2.|— gracilis ......-c0++ inl epalatOs= Ula iniOlivcscerscncesesesta-asecessac|enosa|re: 
3.|— similis .......00000. [Gls Sy 310-5, adeosee 6 46 BDA 6c OnEed Jack poe aeboos f Oce ok Bo 
1. |Stromatopora concen-|Gold. 8. f. 5; de Blainv. Man. d’Act. 70. f.|-+-+:- * 
trica. 1; Lonsd. Sil. Syst. 15. f. 31; Phil. pal. 
fos. 10. f. 28; Spongia undulata, Stein. loc. 
cit. supra, p. 347. 
2 
vol. v. pp. 703. 737; Phil. pal. fos. 10. f. 
27. 
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RECAPITULATION*. 


Classes. 


Total Number 
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Silurian Species 
in the Rhenish 
Provinces, 
Devonian and 
Silurian 

Species 
Devonian 
Species. 
Devonian and 
Carboniferous 
Carboniferous 
Species in the 
Rhenish 
Provinces, 
Species in three 
Systems, 


Ww or 
no 


Crustacea (Trilobites) 
Mollusca, Ord. Cephalopoda. . 
Ord. Heteropoda ... 
Ord. Pteropoda 
Ord. Gasteropoda... 
Conchifera, Ord. Brachiopoda. 
» Ord. Monomyaria. 
———- Ord. Dimyaria .. 


— 
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7 
(0) 
6 
1 
i 
0 
3 
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. 
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Polyparia 
Incertz Sedes 


(S°) 


= 
— 
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* The varieties numbered and mentioned in the tabular list are not included in this recapitulation. 


APPENDIX. 


DESCRIPTION OF SILURIAN FOSSILS FROM THE RHENISH PROVINCES, 
BY J. DE CARLE SOWERBY, F.L.S. 


PLATE XXXVIII. 


Fig. 1 and 2. Pterinea lamellosa (Goldfuss, 136. t. 120. fig. 1 and 2). Goldfuss has described and 
figured only one valve of this species; the other valve is flat, and (as usual in shells of this family) the 
ears in it are not separated by a sinus from the body of the shell. Loc. Kemmenau (fig. 1), Wipper- 
thal (fig. 2). 

Fig. 3. Pterinea costata (Goldfuss, 137. t. 120. fig. 4). A remarkably convex species; the speci- 
men shown in this figure is larger than the one figured by Goldfuss. Loc. Kemmenau near Ems. 

Fig. 4. Atrypa curvata (Anom. Terebratulites curvatus, Schl. Pet. Nacht. 1. 68. tab. 19. f.2). This 
appears to be the same as described by Schlotheim, but it is difficult to determine from such an imper- 
fect cast. L.oc. District of the Eifel. 

Fig. 5. Spirifer speciosus (Anom. Terebratulites speciosus, Schlot. Pet. Nacht. 1. 66. tab. 16. fig. 1), 
Trigonotreta speciosus, Koenig, Icon. Foss. Sectiles, 3. tab. 6. fig. 71., Bronn. Lethea Geog. tab. 2. fig. 15. 
Spirifer macropterus, var. Goldfuss, MSS.? There is no character that I am aware of to distinguish 
this from the SS. speciosus of Schlotheim, but as the internal structure exhibited by the cast is totally dif- 
ferent from that of Sp. mieropterus, I quote Goldfuss with doubt. Loc. Priim. 

Pig. 6. Spirifer micropterus, Goldf. ( Hysterolites hystericus, Schlot. Pet. 1. t. 29. fig. 1). This shell 
with its imbricated surface on the three acute Jobes of the internal cast produced by two septa diverging 
from the prominent beak, is well figured by Schlotheim, and it is perfectly distinct from Sp. speciosus, 
which wants the internal septa; nevertheless Goldfuss has considered them both to be varieties of his 
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Sp. macropterus. A third species is found at Schonecken in the Eifel, which differs from S. micropterus 
in having no furrows near the edge of the central lobe in the cast of the interior, and in the straightness 
of the septa which form that lobe. 

We might be easily led to adopt the structure of the parts about the hinge as of sufficient importance 
for generic characters, but these shells, and many others, show us that such distinctions would be purely 
artificial, and could only be employed safely when they occur constantly in union with several other 
characters. 

Fig. 7. Orthis? strigosa. Semi-elliptical, longer than wide, flat, with numerous strong, alternately 
large and small striz ; muscular impressions very shallow, approaching those of Leptena. We have only 
one valve of this sharply striated shell; the hinge, teeth, and septa are very small. Loc. Haiger Stilbach 
(Dillenburg). 

Fig. 8. Orthis virgulata. Orbicular, with a pointed beak, convex, striated ; striz numerous, very re- 
gular, and continued to the beak ; septa within the beak large. Loc. Haiger Sulbach. 

Fig. 9. Orthis Pecten? (Silurian System, 638, pl. 21. fig. 9). The specimens are very defective, 
the name is therefore given with doubt (fig. a, portion of the hinge of a Spirifer). 

Fig. 10. Orthis obovata. Obovate, depressed, beak-pointed; margin internally striated ; hinge-line 
short; septa long; muscular impressions united, large. Loc. Haiger Sulbach. 

Fig. 11. Orthis partita. Semi-elliptical, longer than wide, very convex ; beak short, divided iy a cen- 
tral septum; internal margin ribbed. This has several characters in common with Leptena. Loc. 
Haiger Siilbach. 

Fig. 12. Orthis circularis. Orbicular, flat?, margin striated within ; beak very small; hinge-line and 
septa very short; muscular impressions flattened. The larger (convex?) valve unknown. Loe. Daun, 
in the Eifel district. 

Fig. 13. Leptena (Producta?) profunda. Subcylindrical, regularly striated or ribbed to the apex ; 
front very long ; edge oblique, elliptical. A very curiously formed shell. If I comprehend it rightly, it 
is a Leptzna of the same division as those species which are typical of the genus Producta, and which 
are distinguished by the great length of the descending front; it however differs in the form of the 
prominent beak-like projection seen in the cavity of the cast, in the regularity of the strie and the 
total absence of spines. When the structure of the shells of this family is better known, Producta and 
Leptena may prove two good genera, and the fossil before us may become the type of a new genus. 
Loc. Olpe. 

Fig. 14. Leptena semiradiata. Semicircular, twice as wide as long, convex, marked with twenty-five 
or thirty even radii, which extend about half over the shell and are then lost; the rest of the surface is 
smooth, or only marked with lines of growth ; under valve concave externally. This resembles L. sericea, 
and L. Lepis in form; it has short spines on the hinge-line like Z. lata, but from all these is distinguished 
by the elegantly radiated surface. Specimens occur in the Eifel twice the length of the figures. Loc. 
Priim, Daun, Eifel. 

(a.) Cast of the outside of the convex valve. 

(0, b, b.) Cast of the inside of the same valve. 

(c.) Cast of the outside of the concave valve. 

(d.) Cast of the inside of the same valve. 

(e.) Outside of the same valve, with the calcareous substance of the shell remaining. 

Fig. 15. Leptena explanata. Half-obovate, nearly as long as wide, flat, irregularly and finely striated. 
This is a cast of the lower or concave valve, and has the minutely pitted surface and usual characters 
of Leptena well-marked. 

On the same mass are imperfect casts of Terebratula Stricklandi ? 
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Fig. 16. Leptenaplicata. Semicircular, slightly convex, plaited ; plaits about 25, branched near the 
margin; hinge-line about three-fourths the length of the shell; lower valve nearly flat, with a narrow 
descending plaited border. A species of Leptena, which bears much resemblance to an Orthis, especially 
Orthis Flabellulum, but does not agree with that genus in the form of the hinge. If Leptena and Pro- 
ducta were to be considered two genera, this would be a species of Zeptena. Loc. Haustig near Siegen. 

(a, a.) Inside of the upper valve. 
(b.) Outside of the lower valve. 
(e.) Inside of the lower valve, all casts. 
Fig. 17. Homalonotus Knightii (Silurian System, 651, pl. 7. fig. 7). Loc. Daun. 


NOTE BY MM. DE VERNEUIL AND D’ARCHIAC, Sepremser 10, 1842. 


Since our Table was sent to press, we have received the Fifth Number of Count Minster’s Beitrige 
zur Petrefactenkunde. The new species described in it from the Clymenia limestone of Upper Fran- 
conia are limited to the following number :— 


‘ Species. Species. 

CORN OHC Ocha se sD Capulus ae 

Asaphus . 1 Melania . 1 
Otarion 2 Euomphalus . 1 
Harpes 1 Turritella i 1 
Posidonomya Zi Ciymienia..: 3°. s/s cee es ye 
Avicula . 4: Orthoceratites . 1 
Cardium ? 4 Goniatites ] 
Lunulacardium 1 2 


Lotalls :suscetlace crglenS2: 


iy ee ldaaya 


XXVI.— Description of the Remains of a Bird, Tortoise, and Lizard from 
the Chalk of Kent. 


By RICHARD OWEN, Esza., F.G.S. 
[Read April 29, 1840.] 
Pirate XXXIX. 


Description of the Remains of a Bird from the Chalk, Pl. XX XIX. fig. 1 and 2. 


THE three portions of fossil bone to be first noticed in this paper were obtained 
by the Earl of Enniskillen from the chalk near Maidstone, and were recognised 
by his Lordship and Dr. Buckland to belong to a species of bird. The largest 
portion is the shaft of a long bone, fig. 1, and is nine inches in length, with one 
extremity mutilated, but nearly entire, and the other broken off. The extremity is 
expanded ; the rest of the shaft of the bone preserves a pretty regular and uniform 
size, and is slightly bent. It is unequally three-sided, with the sides flat and the 
angles rounded off, fig. 1a, and measures two inches and a half in circumference. 

It differs from the femur of any known bird in the proportion of its length as 
compared with its breadth, and from the tibia or metatarsal bone in its trihedral 
figure and the flatness of the sides, none of which are longitudinally grooved. It 
resembles most the humerus of the Albatross, both in its form, proportions, and 
size, but differs therefrom in the more marked angles which bound the three 
sides. The expanded extremity likewise resembles the distal end of the humerus 
of the Albatross, but is too much mutilated to allow of the exact amount of simi- 
larity to be determined. 

On the supposition that this fragment of bone is the shaft of the humerus, its 
length and comparative straightness would prove it to have belonged to one of the 
longipennate natatorial birds, equalling in size the Albatross. 

The form of the bone might warrant the supposition that it was the distal por- 
tion of a radius; but this idea can only be entertained by supposing the fossil 
bird to have been of gigantic dimensions, almost realizing the fabulous ‘ Roc’ of 
Arabian romance ; and the other two portions of bone associated with it, and most 
probably parts of the same bird, render this last supposition still less probable. 

These portions, fig. 2, both belong to the distal end of the tibia, the peculiarly 
well-marked trochlear extremity of which is sufficiently preserved, although crushed. 
Their relative size to the preceding bone, on the supposition that it is the hu- 
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merus, is nearly the same as in the skeleton of the Albatross ; and there is no 

bird now known, north of the equator, with which the fossils can be compared. 
All the three fossils exhibit the thin compact external walls and large air-cavities 

which characterise the texture of the corresponding bones in birds of flight. 


Description of the Remains of a Chelonian Reptile from the Chalk, Pl. XX XIX. fig. 5. 


The remains of the Chelonian reptile were discovered in the lower chalk at Bur- 
ham, in Kent. They consist of a few of the marginal plates of the carapace and 
some smaller fragments of the expanded ribs which form the dorsal bony shield. 
The marginal plates are four in number, united together by the usual finely in- 
dented sutures, and each impressed along its middle and upper surface with a line 
corresponding to the margin of the horny plate that originally defended it. The 
external or free margin of each plate is slightly emarginate in the middle. These 
marginal plates are narrower in proportion to their length than in the Chelone My- 
das and Chelone imbricata, and they deviate still more, in the character of their in- 
ternal articular margin, from the corresponding plates of the terrestrial Chelonia ; 
but they sufficiently agree with the marginal plates of the carapace of the Emydes 
to render it probable that the present chalk fossil is referable to that family of 
Chelonia which lives in fresh waters or estuaries*. 


Description of the Vertebral Column of a small Lacertine Saurian from the Chalk. 
Pl. XXXIX. fig. 3 and 4. 


The third fossil from the chalk which I have to notice, is one which Sir Philip 
Egerton has recently added to his collection ; it consists of a chain of small vertebre 
in their natural relative position (fig. 4.). The bodies of these vertebrz are united by 
ball- and socket-joints, the socket being on the anterior, and the ball on the posterior 
part of the vertebra ; and they are proved to belong to the Saurian class of reptiles by 
the presence of many long and slender ribs, and by the conversion of two vertebrz 
through the length and strength of their transverse processes into asacrum. Re- 
mains of an ischium and pubis are connected with the left side of this sacrum, 
proving incontestably that this reptile had hinder extremities as well developed as 
in the generality of Saurians ; but of these, as well as of the anterior extremities 
and head, there is no trace. 

* Subsequent observation of the modifications in the form of the marginal plates and of other parts 
of the skeleton of extinct Chelones, by which the interval separating the existing marine and freshwater 
species is diminished, has weakened the impression which the character of the marginal plates of the 
chalk Chelonite first made in favour of its Emydian affinities ; and the examination of the nearly entire 
skeleton of the same species recently obtained from the same quarries at Burham by Mr. Bensted, and 
described since the reading of the present paper by Dr. Mantell in the Philosophical Transactions, has 
demonstrated that it is not an Amys, but a true Chelone, or marine Turtle— April 1842. 
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With this evidence of the primary group of reptiles to which the fossil belongs, 
there next remained to be determined to which division of Saurians having ball 
and socket vertebral joints it was to be referred. In the Crocodilian, or Loricate 
group, the transverse costigerous processes are elongated, the posterior ribs are 
exclusively attached to these processes, and three, four or five of the vertebre 
which precede the sacrum are ribless, and consequently reckoned as lumbar ver- 
tebre ; in the Lacertine Saurians there are never more than two lumbar vertebre, 
and all the ribs are supported on short convex processes or tubercles. 

In the present fossil each rib is articulated by a single head to a short process 
of this kind, and they are attached to all the vertebra except the one immediately 
preceding the sacrum: these characters, with the slenderness and uniform length 
of the ribs, and the degree of convexity in the articular ball of the vertebrz, prove 
incontestably that the fossil is part of a Saurian appertaining to the inferior or La- 
certine group. 

The costal tubercles are developed, as in other Lacertians, from the sides of the 
anterior part of the body of the vertebra ; the under surface of the vertebra is 
smooth, concave in the axis of the body, and convex transversely. 

As there are twenty-one costal vertebre anterior to the sacrum, including the 
single lumbar, the fossil cannot be referred to the genera Stellio, Agama, Leiolepis, 
Lyriocephalus, Basiliscus, Anolis, or Chameleon; but a comparison may be insti- 
tuted between it and the Monitors, Iguanas, and Scinks. In the absence of cra- 
nium, teeth and extremities, any closer approximation of the fossil to existing forms 
would be hazardous, and too conjectural to yield any good scientific result ; and 
the subjoined figure supplies the place of further verbal description of the propor- 
tions of the different vertebre. 

If the portions of the lower jaw of a Lacertian from the lower chalk, near Cam- 
bridge, should be of the same species, as it agrees in size with that above described 
from the same formation in Kent, there would then be no doubt that the chalk 
Lacertian is generically distinct from any known existing Lizard. Fig.3. Pl. XX-XIX. 
is a side-view of a portion of the lower jaw of the Lacertian reptile from the lower 
chalk near Cambridge. It contains twenty-two close-set awl-shaped teeth, anchy- 
losed by their bases to an outer alveolar parapet of bone, as shown at fig. 36. I 
have proposed the name of Raphiosaurus for the genus indicated by this fossil. 
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XXVII.—On the Distribution of the Erratic Boulders and on the Contempo- 
raneous Unstratified Deposits of South America. 


By CHARLES DARWIN, Esa., M.A., F.R.S. and F.G.S. 


2 


[Read April 14th, 1841.] 
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1. Boulder Formation in the Valley of the Santa Cruz. 


DwRING the survey of the shores of South America, southward of the Rio Plato, 
by Capt. FitzRoy in H.M.S. Beagle, I did not meet with any bouiders on the 
eastern plains of the continent until we arrived on the banks of the river Santa 
Cruz, in lat. 50°10'S. Nor did they occur there near the coast, but were first 
noticed in ascending the river at the distance of about 100 geographical miles from 
the Atlantic, and 67 from the nearest slope of the Cordillera. Twelve miles further 
west, in lon. 70° 50' W., that is, fifty-five miles from the mountains, they were 
extraordinarily numerous ; consisting of compact clay-slate, feldspathic rock, a 
quartzose chloritic schist, and basaltic lava ; and they were generally of an angular 
form, and many of them resembled fragments of rock at the foot of a precipice. 
The size of some was immense : I measured a square one of chloritic schist, which 
was five yards on each side and projected five feet above the ground ; a second, 
which was more rounded, was sixty feet in circumference, and stood six feet above 
the ground ; how much of each was buried beneath the surface I could not ascer- 
tain. There were innumerable other fragments from two to four feet square. The 
vast open plain on which they lay scattered, is 1400 feet above the level of the 
3H 2 


416 | Mr. Darwin on the Boulders 


sea; its surface is somewhat but not greatly irregular, and the inequalities ap- 
pear to have been caused chiefly by the denudation of loose matter from an irre- 
gular field and hummocks of lava. The plain slopes very gently and with much 
regularity to the Atlantic, where the sea-cliffs are about 800 feet high ; it rises 
somewhat more abruptly towards the Cordillera, near which its height is above 
3000 feet. The Cordillera in this latitude are not very lofty, the highest pinnacle 


being only 6400 feet above the level of the sea. 
The accompanying section (Fig. 1.), exhibited on the banks of the river in the 


Rip. t. 


Surface of plain, strewed with great angular erratic boulders, 1400 feet above the level of the sea. 


212 feet in thickness Shingle Bed. 


322 feet. = 
Basaltic Lava. 


Thin, fine-grained, variously 
coloured strata. 


588 feet. 
Bed of very small pebbles. 


-+ 


River Santa Cruz aS 280 feet above level of sea. 
longitude above referred to, will give a sufficient idea of the composition of the 
plain on which the boulders lic. The upper bed is 212 feet in thickness, and ex- 
hibits indications of being coarsely stratified. It is composed of well-rounded 
shingle with great angular blocks strewed on the surface, and probably imbedded 
(for owing to the state of the section I was unable to ascertain this point) in the 
whole upper part of the stratum. ‘The shingle bed is continued without interrup- 
tion to the coast, and is there certainly of submarine origin. From its general 
similarity throughout this space, I have no reason to doubt that the whole was 
accumulated under similar circumstances. The lowest bed represented in the 
section is composed of minute pebbles of the same varieties of rock, with the ex- 
ception of those of basaltic origin, as the great boulders on the surface. The con- 
trast in the means of transportal from the same source, afforded by the regularly 
sifted minute pebbles of the lowest bed and the huge angular fragments of the up- 
permost, separated by a great stream of lava and a deposit of fine sediment nearly 
500 feet thick, appears to be worthy of notice. 

The valley in which the Santa Cruz flows, widens as it approaches the Cordillera, 
into a plain, in form like an estuary, with its mouth (see map, Pl. XL.) directed to- 
wards the mountains. This plain is only 440 feet above the level of the sea, and 
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in all probability it was submerged within, or nearly within, the post-pliocene 
period. I am induced to form this inference from the presence of existing sea shells 
in the valley, and from the extension far up it of step-like terraces which on the 
sea-coast, certainly are of recent submarine origin. Round the estuary-like plain, 
and between it and the great high plain, there is a second plain, about 800 feet 
above the sea-level, and its surface consists of a bed of shingle with great boulders. 
In this part of the valley, namely, between thirty or forty miles from the Cordil- 
lera, there were, in the bed of the river, boulders* of granite, syenite and con- 
glomerate, varieties of rock which I did not observe on the high plain ; and I parti- 
cularly noticed that there were none of the basaltic lava. From this latter fact and 
from several other circumstances, more especially from the immense quantity of 
solid matter which must have been removed in the excavation of the deep and broad 
valley, we may feel sure that the boulders on the intermediate plain and in the bed 
of the river, are not the wreck of those originally deposited on the high plain. These 
boulders, therefore, must have been transported subsequently from the Cordillera, 
and after an interval during which the land was modelled into the form above 
described. Those on the lowest plain must have been transported within, or not 
long before, the period of existing shells. 

I have said that the first erratic block which I met with, was sixty-seven miles 
from the nearest slope of the Cordillera; I must, however, record the case of one 
solitary rounded fragment of feldspathic rock lying in the bed of the river, at the 
distance of 110 miles from the mountains. This fragment was seven feet in circum- 
ference, and projected eighteen inches above the surface, with apparently a large 
part buried beneath it. As its dimensions are not very great, we may speculate on 
some method of transportal different from that, by which the plain near the moun- 
tains was strewed with such innumerable boulders ; for instance, of its having 
been imbedded in a cake of river ice. Its solitary position is, however, a singular 
fact. 

I met with erratic boulders nowhere else in Patagonia: Captain King, however, 
states, in his ‘‘ Sailing Directions,” that the surface of Cape Gregory, a headland 
of about 800 feet in height, on the northern shore of the Strait of Magellan, is 
strewed with great fragments of primitive rocks. 


2. Tierra del Fuego and the Strait of Magellan. 


The eastern part of Tierra del Fuego is formed of large outliers of the Patago- 


* I may observe, that it can be clearly shown (Journal of Researches, p. 216) that the river it- 
self, although large and rapid, has scarcely any power in transporting fragments even of inconsiderable 
size. 
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nian formation, fringed by deposits of much more recent origin, the height of 
which varies from about 100 to 250 feet. These lower, irregular plains have been 
elevated within the post-pliocene period. They consist of fine-grained, earthy or 
argillaceous sandstone, in very thin, horizontal, but sometimes inclined lamine, 
and often associated with curved layers of gravel. On the borders, however, of the 
eastern parts of the Strait of Magellan, this fine-grained formation often passes into, 
and alternates with, great unstratified beds, either of an earthy consistence and 
whitish colour, or of a dark colour and of a consistence like hardened coarse-grained 
mud, with the particles not separated according to their size. These beds contain 
angular and rounded fragments of various kinds of rock, together with great boul- 
ders. At Elizabeth Island, within the Strait, there are good sections of this de- 
posit in cliffs 150 feet high, and composed chiefly of whitish earth, with frag- 
ments of syenite, greenstone, feldspathic rocks, clay and hornblendic slates and 
quartz, most of which do not occur, in situ, in the neighbourhood. These frag- 
ments are generally arranged without the slightest trace of order,—large and small, 
angular and rounded being close together ; but in some parts of the cliff, the mass 
is divided by beds of stratified shingle, and these are most frequent in the upper 
part,—a fact which I observed in other places. 

Few of the fragments much exceed in size a man’s head, but there are nume- 
rous large boulders on the beach. In the cliff at Cape Negro, which is close to Eliza- 
beth Island, and is of the same height and of nearly the same nature, I saw a great 
boulder imbedded. This deposit at Nuestra Senora de Gracia is rather finer grained, 
and contains fewer fragments ; some of which are perfectly rounded, some quite 
angular; and a single one, of considerable size, is often imbedded by itself in 
fine-grained and fine-laminated matter. I here, also, observed a boulder at least 
four feet in diameter, projecting from the face of the cliff. In a neighbouring 
cliff, a whitish mass fills up hollows in an underlying finer-grained bed. North 
of Cape Virgins, close outside the mouth of the Strait, the cliffs are between 200 
and 300 feet in height ; and they consist of an argillaceous sandstone in horizontal 
lamine, as fine as roofing-slate, which in several places is interstratified with two 
or three beds of the coarse nature just described, each stratum being from five feet 
to twenty thick. These beds often thin out and become curvilinear at each end. The 
imbedded fragments are of the same nature and shape as before mentioned ; and 
their parent rock cannot be less, and probably is considerably more, than 120 geo- 
graphical miles distant. In the other cases above described, the distance must be 
at least sixty miles. The mountains, from which they all probably came, lie west 
and south-west. 

The numerous boulders before noticed on the beach at the foot of the cliffs on 
Elizabeth Island, consist of the same varieties as the smaller imbedded fragments, 
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and are from one to four feet in diameter; the outline being irregularly an- 
gular, with only the edges blunted. In the other places above mentioned, and like- 
wise at the base of the mountains on the line of coast extending south to Port 
Famine, boulders are numerous on the sea-beaches. Although I saw only two in 
the cliffs, yet as the boulders do not, as far as I was able to observe, occur scat- 
tered on the surface of the ground, and as a large area has evidently been denuded, 
I concluded that most of the blocks were originally enclosed in the deposit, and that 
after they were washed out, they had been driven onwards by the surf during gales, 
and collected at the foot of the retreating cliffs. At St. Sebastian’s Bay, however, 
on the east coast of Tierra del Fuego, this explanation is scarcely applicable, for 
many gigantic boulders there lie in a protected position at the base of a naked 
cliff about 200 feet in height, and entirely composed of thin strata of fine-grained 
sandstone, with a few layers of small, well-rounded pebbles. As it is very impro- 
bable that the boulders were ever included in a deposit of this nature, we must 
suppose that they were originally thrown down either on the surface or in a thin 
superficial bed, which has subsequently been removed. I may specify, that one 
of these boulders, composed of syenite and shaped somewhat like a barn, was 
forty-seven feet in circumference, and projected about five feet above the sand- 
beach. There were many others half this size, and they all must have travelled at 
least ninety miles from their parent rock. 

The position of the boulders in St. Sebastian’s Bay is, in another respect, in- 
teresting ; for the form of the land clearly shows, that long anterior to the total 
amount of elevation attested by upraised recent sea shells, a wide channel (indeed, 
introduced in all the charts before the voyage of the Beagle) connected the middle 
part of the Strait of Magellan with the open sea. During the same period, a 
very low neck of land near Cape Negro, now strewed with boulders and bordered 
by cliffs of the unstratified deposit, must have formed a straight channel between 
the great land-locked bay called Otway Water, and the eastern arm of the Strait 
of Magellan. Shoal Harbour, which lies in this line, is scattered over with enor- 
mous angular fragments of rock, projecting from five to eight feet above the level of 
the sea, and giving to it a singular appearance. The unstratified beds of hardened 
mud and whitish earth, containing a few boulders and numerous smaller angular as 
well as rounded fragments, occur only in the neighbourhood of the Strait of Magel- 
lan, and are probably connected in their origin with the existence of an ancient 
channel which had nearly the same direction with the present one: so also it is 
evident, that the distribution of the numerous great boulders now lying on the sur- 
face (whether or not all were originally imbedded in the unstratified deposit) is like- 
wise connected with the course of formerly existing sea-channels. The currents 
off Cape Horn set almost constantly from the west, as is known to the cost of 
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all those who have to double it ; hence they probably set in a similar direction 
through the above ancient channels, when more open and less crooked than the 
Strait of Magellan now is. It is in accordance with this circumstance, that, in the 
districts just described, and in that which we are immediately to treat of, the 
boulders and smaller fragments have all travelled from mountains situated to the 
west. 

In a space about forty miles broad at the extreme south-eastern part of Tierra 
del Fuego, including Navarin and several smaller islands, the shores are fringed at 
about an equal height, by a deposit very closely resembling the unstratified beds in 
the Strait of Magellan. On the south side of Navarin Island it forms a small plain 
(the only level land in that part of the country), fronted by a line of cliff several 
miles in length, and about sixty feet in height. In this cliff there is not a trace of 
‘stratification ; and the earthy, rather argillaceous mass contains fragments, some 
angular, but mostly rounded, of all sizes, from mere particles to great boulders, 
of nearly the same composition as the fragments in the Strait of Magellan. Similar 
rocks do not occur in situ within sixty miles ; and probably some exist only at a 
considerably greater distance. Within the eastern mouth of the Beagle channel, 
forming part of the above-mentioned area, the cliffs are higher, and the beds are 
sometimes regularly interstratified with layers of shingle. I cannot more accu- 
rately describe the appearance of the cliffs around Navarin Island, than by the re- 
mark which, at the time, I entered in my note-book, ‘‘ that a vast debacle appeared 
to have been suddenly arrested in its course.” But this explanation always ap- 
peared to me, from the width and openness of the channels both to the east and 
west, and from the proofs of the very gradual elevation of the land in the neigh- 
bouring countries, to be encumbered with the greatest difficulty. Hence the origin 
of these beds, as well as of those in the Strait of Magellan, which, although unstra- 
tified, are of submarine formation, remained quite inexplicable to me. This deposit 
resembles the till of Scotland, the boulder formation of Northern Europe and of 
the eastern coast of England, in the following respects, which clearly indicate, 
as Mr. Lyell* has remarked, some peculiar origin ; first, in the entire absence of 
stratification in one part of a bed, which in another shows, either throughout its 
whole thickness or in alternate beds, signs of regular deposition; secondly, in the 
close juxtaposition of fragments of far-transported rocks, varying in size from 
minute pebbles to boulders, some being rounded and others angular ; and lastly, 
as I believe, in the frequent occurrence of a capping of gravel. Mr. Lyell, after 
having examined this kind of deposit (which for briefness I will call by the Scotch 
term ‘ till’) in the several countries above specified, ascribes its origin to the 
deposition, in a tranquil sea, of mud, sand and blocks, from melting drift-ice ; 


* Mr. Lyell on the Boulder Formation of East Norfolk. Philosophical Magazine, 1840, p. 348. 
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but in the area, near the eastern mouth of the Strait of Magellan, where the 
finest sediment has been arranged in horizontal laminz, and the coarse shingle in 
beds, it appears strange that stratification should be so entirely, and often suddenly, 
absent in the till alone. The mere dropping of the fragments seems hardly suff- 
cient to explain this ; for we have seen that both angular and rounded fragments 
sometimes occur imbedded in the finest laminated matter. Perhaps the disturbing 
action of the icebergs when stranded, as suggested by Mr. Lyell, may account for 
this remarkable deficiency of stratification in the till. 

I will only further add, that I looked in vain for any marine remains in these 
till-deposits, and a similar deficiency has been remarked in those of Europe. We 
must not suppose that their absence can be accounted for by a bottom of this 
nature being unfavourable to the existence of marine animals, for both in the re- 
tired and only partially protected bays of Tierra del Fuego, kelp (Fucus giganteus) 
grows in a depth of from two to twenty fathoms on the loose round stones, and 
between the roots of the kelp innumerable creatures live: in the open sea also, 
where there was no kelp, I found numerous Terebratule and other shells, on stones 
lying in mud. But when we reflect how great a number of icebergs, some 
charged with foreign matter, but very many more without any, must, on the above 
theory, have been drifted to the spot while the till was accumulating ; and that 
these icebergs being lifted up and down by the tides, as well as being broken into 
pieces and many times stranded, would plough up large tracts of the bottom of the 

sea, part of the difficulty in explaining the absence of marine remains in the till is 
removed, for we can hardly conceive the existence of any animal on a soft bed of 
mud and stones, disturbed at intervals with great violence. 

An interesting description is given by Wrangell* of the fragments of ice off 
the coast of Siberia, often raised into a vertical position, and which, to use his 
words, ‘‘are driven against each other with dreadful crashes, are pressed down- 
wards, and reappearing again on the surface covered with the torn up green mud, 
which we had often seen on the highest hummocks.” The particular case thus de- 
scribed happened 100 miles from the main-land, where the water however was only 
about fifteen fathoms deep: many of the hummocks were about 100 feet high. 
Wrangell states, that within the line of large hammocks the sea was generally tran- 
quil, and strewed with only small fragments of ice ; so that in this case undisturbed 
strata of gravel or other matter might easily (during the gradual elevation of the 
land, believed to be there in progress) accumulate over the disturbed beds; and in 
these latter deposits it is not probable that any organic remains would be enclosed. 

There are two sections at Gregory Bay, in the eastern part of the Strait of 


* Wrangell’s ‘ Voyage to Siberia and the Polar Sea,’ translated by Major Sabine, p. 257. 
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Magellan, which are worthy of description. The cliffs are composed of the usual 
blackish indurated till, in some places interstratified with yellowish argillaceous 
sandstone, including a few large pebbles. In one cliff about twenty-five feet high 
(Fig. 2, which is traced from an outline made upon the spot), the main part con- 


Fig. 2. 


Strata dipping 
N.W. 65°. 
B. Yellow sandy mud. E. A stratum which gradually disappeared in the surrounding mass; its 
D. Blackish mud or sandy clay. included layers were much convoluted. 


Gregory Bay in the Eastern Part of the Strait of Magellan. 


sists of finely laminated yellow mud (B), which, a little further to the right, in- 
cludes many fragments of rock and loses its laminated character. On the left it 
alternates with layers of blackish mud (D), which are inclined at an angle of 65°, 
and at the foot of the cliff form a regular saddle. Many of these layers lose them- 
selves in the yellow sandy mud in the most singular convolutions. In another cliff, 
Fig. 3. a bed, about eighteen inches thick and thirty feet in length, of fine sandy 
clay, lying in a coarser sort, dips gently at one end, and at the other is bent back 
under itself. The subordinate layers in this stratum are curved in basin-, or rather 
urn-shaped folds about a foot wide, and are placed at nearly equal intervals, so as 
to resemble some architectural ornament. They cannot always be traced from one 
basin to the other. The extreme degree of their curvature shows that they were 
not deposited in so many furrows at the bottom of the sea: it may, perhaps, be 
conjectured, that during the great and unequal pressure to which the whole mass 
has been subjected, the finer-grained laminated matter of which these urn-shaped 
basins consist, yielded more readily, and slided in between the parts exposed to a 
less force. With respect to the agency by which both sections have been con- 
torted, from the general undisturbed state of the whole country and of the imme- 
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diately joining beds, and likewise from the peculiarity of the flexures in Fig. 2, I 
could not at the time persuade myself it was by ordinary violence from below, and 
no other solution occurred to me. Mr. Lyell* has shown, that in the districts 


Fig. 3. 


Gregory Bay. (For commencement of description see last page.) 


in Europe where the till and boulders occur, most curiously contorted layers are 
directly superimposed on undisturbed beds, and he suggests as one explanation, 
the lateral force exerted by stranded icebergs. As we have here also the till and 
boulders, the forcing up and mingling together of these sedimentary deposits, have, 
perhaps, been effected by this same agency ¢; an agency, however, which in most 
cases appears merely to have prevented the separation of the drifted materials into 
distinct layers. 


3. Island of Chiloe: 


Passing from the extreme southern part of the continent along the west coast, 
I did not land south of lat. 47°. It was, however, between lat. 49° and 50° that the 
fragment of granite, described in my Journal, was seen floating on an iceberg 
twenty miles from its parent glacier, and therefore we may feel sure that erratic 
boulders occur in this space. Between lat. 47° and the southern extremity of 


* Philosophical Magazine, 1840, p. 379: Mr. Lyell on the Boulder Formation, &c., Proceedings, vol. iii. 
p- 178. 

+ Capt. W. Graah, in his Expedition to the East Coast of Greenland, states that there is a part of the 
coast which derives its name of Puisortok from ice “ shooting up from the bottom of the sea in such a 
manner and in such masses, as in many years to make it utterly impassable.” The cause of this singular 
phenomenon is unknown. Capt. Graah suggests amongst other causes, that these masses may be the 
remains of icebergs frozen to the bottom; but is it not much more probable that the icebergs were first 
driven deeply into the soft bed of the sea, and that they did not become disengaged until their whole 
upper parts had been washed away and their buried sides loosened by the melting of the ice? 
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Chiloe I landed on several parts of the seaward coast, but did not notice a single 
boulder : as, however, it is separated from the Cordillera by intervening high land, 
the absence of erratic blocks might have been expected. 

At Chiloe I again found transported boulders in vast numbers. This island is a 
hundred miles long, extending from lat. 41°46! to 43° 26’ ; and it lies parallel to the 
Cordillera, at the distance of about thirty miles from their base. It consists of 
mica-slate with two volcanic formations, largely bordered, chiefly on the eastern 
and northern sides, with horizontally stratified beds of tertiary sandstone and vol- 
canic grit ; the sandstone in some places passing into a loosely aggregated conglo- 
merate. On the eastern coast the land is indistinctly modelled into successively 
rising plains, of which the superficial parts, and the whole thickness of some of the 
lower plains are composed of stratified shingle. This accumulation, where it caps 
the tertiary deposits, is evidently of subsequent formation ; but I do not pretend 
to distinguish, in all cases, the shingle beds of more recent origin, from the above- 
mentioned tertiary conglomerate. The boulders occur in extraordinary numbers 
on the whole line of the eastern and northern beaches, and likewise to the height 
of at least 200 feet on the land. I saw a few imbedded in the cliffs of gravel ; and 
as many extensive reefs show that there has been much denudation, I presume 
that many of the masses were originally included in the gravel. ‘The boulders are 
likewise very numerous on the islets, which lie close to the eastern coast of Chiloe, 
and are separated from it by channels, which, although very narrow, vary in depth 
from 50 to more than 300 feet. In two places where I visited the outer or western 
coast of Chiloe, I did not see any transported blocks, nor did I during a ride of 
about thirty miles across the central high land. 

The boulders consist of several varieties of granite and syenite ; those of the latter 
rock are common on the northern beaches ; but all the masses which I noticed 
thirty miles southward were of granite. Their parent rock probably exists in the 
Cordillera : an intelligent resident pointed out to me several varieties of syenite and 
granite at the northern end of the island, which, he assured me, he had seen form- 
ing whole mountains in the vicinity of Reloncavi Sound, which is situated in the 
same latitude: if so, these boulders must have travelled more than forty miles. I 
saw no granite or syenite in Chiloe, there is certainly none on the northern or on 
the eastern coast, the whole of which I examined, and I feel pretty sure none 
occurs in the northern part of the island ; but it is not improbable that some of 
the western heights, which were estimated at 3000 feet, may be formed of granite. 
If any of the boulders have come from the heights of Chiloe, they have crossed a 
broad and level border of the tertiary deposits ; but it is far more probable that 
all came from the Cordillera. The larger boulders were quite angular, and re- 
sembled fragments at the foot of a steep mountain. One mass of granite at Chacao 
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was a rectangular oblong, measuring fifteen feet by eleven, and nine feet high: 
another on the north shore of Lemuy islet was pentagonal, quite angular, and eleven 
feet on each side ; it projected about twelve feet above the sand, with one point 
sixteen feet high: this fragment of rock almost equals the larger blocks on the 
Jura. There were very many others from two-thirds to a quarter of these dimen- 
sions. The boulders amongst the islets were in fewer numbers and more rounded 
than those on the open parts of the eastern coast ; but I believe this remark ap- 
plies only to the smaller masses, which may have been rounded subsequently to 
their first transportal. 

The position of the boulders at the extreme northern point of Chiloe, where a 
headland about 250 feet high is joined to Lacuy peninsula by a quite low neck, de- 
serves further notice. This headland, from the similarity of its composition, height 
and stratification, must once have been continuous with the coast of Chiloe. The 
ancient currents of the sea, which almost insulated the headland, deposited on its 
inland side, and on the opposite coast, beds of regularly stratified shingle. Some 
boulders were enclosed in these strata, and many very large angular ones of 
syenite were lying both on the low sandy isthmus, and on its sides at a height 
of 150 feet ; and transported blocks were certainly far more numerous here than 
in any other part of the surrounding country. Anterior to the elevation, which 
has taken place within the post-pliocene period, the headland must have been 
an island, and the present low neck of land the bottom of a channel, open to 
the rush of tidal waters which flowed between Chiloe and the mainland of Ame- 
rica. We thus see, even more clearly than in Tierra del Fuego, that there is an 
evident relationship between the distribution of the boulders, and the lines of 
either anciently or now existing straits. From this consideration, I was at 
first surprised at the occurrence of numerous blocks in the tortuous channels, 
between the islets and eastern coast of Chiloe; but I overlooked the fact, that, 
anterior to the modern period of elevation just alluded to, the middle part of 
Chiloe, in the line of the Lake Cucao, must, from its lowness, have been breached 
by a transverse channel. Had the space between Chiloe and the Cordillera been 
converted into land, the boulders, in their position with respect to their probable 
parent rocks, in their size and angular shape, would have resembled those on the 
Jura ; the blocks of granite now lying between the islets, being the representatives 
of those which, M. Agassiz has lately shown, occur in the interior valleys of that 
range. 

Of the few imbedded boulders which I saw, most were in the stratified gravel ; 
but I find in my note-book two sections obtained in the southern half of the island, 
and described as consisting of hardened mud, including angular as well as rounded 
fragments of far-transported rocks, and in one instance a boulder. These deposits 
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evidently are similar to those called ‘ till,’ and I feel nearly sure that they were un- 
stratified ; but not being then aware of their interest, | merely compared them to 
the deposits in eastern Tierra del Fuego, and I here record only what I at the time 
wrote down. On the inner side of one of the Chonos Islands, a little south of 
Chiloe, in lat. 43° 50’, there are cliffs about 300 feet high, which I likewise only 
partially described, as formed of blackish hardened mud with scattered pebbles of 
various sizes, some well rounded, some but slightly: as I especially noted that the 
gravel in the upper part of the cliff was stratified, I presume there was little ar- 
rangement in the lower. In one layer of loose sand at the base of this cliff, where 
the hardened mud passed into laminated sandy clay, I found a quantity of com- 
minuted marine shells with a fresh aspect, but too much broken to be character- 
ized. At Chiloe also, in one place where a mass of till passed into fine-grained, 
laminated beds, I found two or three fragments of a Cytherea. I must, however, 
observe, that the absence of marine remains in these beds of till, is much less re- 
markable than in those of Great Britain, because the surrounding stratified form- 
ations here contain but very few shells. Indeed in Chiloe I found none, excepting 
where the sandstone contained calcareous concretions. . 

With respect to the age of the boulder formation of Chiloe, and I may add, 
of Tierra del Fuego, I have no precise information. The whole east coast of 
the island has been elevated certainly from twenty to forty feet, and probably much 
more, within the post-pliocene period ; for on the peninsula of Lacuy (near where 
I have described the boulders on the low neck) I found, at a height of 350 feet, a 
great bed of existing shells, out of which forest trees were growing. I have stated, 
that in eastern Tierra del Fuego the boulder formation has also been elevated 
within this same period. Without we suppose that the boulders were deposited in a 
deep sea, which does not appear very probable from the nature and stratification 
of the accompanying deposits, or without we suppose great oscillations of level of 
the land, the boulder formation must have been accumulated since the commence- 
ment of the post-pliocene era, or but little before it. From indirect evidence, 
also, and therefore to be received with limited confidence, I came to the same con- 
clusion with regard to the boulders on the lower plain at Santa Cruz. It is worthy 
of notice, that geologists have referred the dispersal of the boulders which lie scat- 
tered over the temperate parts of the northern hemisphere to this period. 

I have stated in my Journal, that northward of Chiloe (lat. 41° 47’) I met with 
no fragments of far-transported rock which can be classed with the erratic boulders 
just described ;—their great size, frequent angularity, and complete separation by 
wide valleys or arms of the sea from their parent source, being taken as their di- 
stinctive characters: I had opportunities of observing them in the country around 
Valdivia, Concepcion, and many parts of central and northern Chile. In these 
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same districts I did not meet with any beds of till. North of the Strait of Magel- 
lan, on the sea-shores of Patagonia* and La Plata, neither boulders nor beds of till 
occur in the same latitudes, under which both are present on the Pacific. With re- 
spect to the erratic masses, we may infer from what has been shown in the ascent 
of the Santa Cruz, that their absence is owing to the wide space separating the shore 
of the Atlantic from the Cordillera. In my Journal I have endeavoured to show 
in detail, that, in the northern parts both of the Old and New World, and in the 
southern parts of South America, the dispersal of boulders has been limited, in 
approaching the tropics, to nearly the same latitudes, and that no true blocks of 
this description have been observed in the inter-tropical regions+ ; and we may 
now be permitted to suspect that beds of ‘till’ will be found to be confined to 
the same parallels of latitude as the boulders. 


4. Remarks on the Glaciers of Tierra del Fuego, and on the Transportal of Boulders. 


In the remainder of this paper I will make a few remarks on the glaciers of Tierra 
del Fuego, and on the means of transportal of the boulders. 1 had no opportunity 
of landing on any glacier, but we passed in the Beagle and Magdalen channels 
within two miles of several. The mountains were covered with snow, and the 
glaciers formed many short arms, which descended to the beach, and terminated in 


* I may here mention, that on East Falkland Island, although situated in the same latitude with Tierra 
del Fuego, and lying only 250 miles eastward of it, and with mountains above 2000 feet in height, I did 
not observe any erratic boulders. As it may occur to some geologists that the island may have received 
its chief elevation, subsequently to the period of the dispersal of the boulders on the main-land, I will ob- 
serve, that the facts are directly opposed to such a view, for I could not find any elevated marine shells 
on this island; whereas I did not land on a single point of the coast of Patagonia, or of eastern Tierra 
del Fuego, without meeting with them. 

+ In my Journal (p. 289, and Appendix, p. 615), where I have considered the apparent exceptions to 
this statement, I accidentally omitted one case. Near Rio de Janeiro I met some large-sized boulders of 
greenstone, containing iron pyrites; they were perfectly rounded, and therefore wanted that character of 
angularity, which, though far from being always a concomitant, may, where it is present, be considered 
as eminently distinctive. I could not see the greenstone im situ in the immediate neighbourhood, but 
the extreme rankness of the vegetation quite precluded accurate investigation. Mr. Caldcleugh (Tra- 
vels, vol. ii. p. 195) observed greenstone boulders on the road to Villa Rica, and Spix (Travels, Eng. 
Transl. vol. i. p. 272) observed others on the road to Santa Cruz. Mr. Fox, Minister Plenipotentiary at 
Rio de Janeiro, informed me that he found similar blocks on the islands of St. Sebastian and St. Cathe- 
rine, and at Port Alegre on the southern coast of Brazil. Nevertheless, it is not improbable that in all 
these cases the parent rock was not far distant. I found two greenstone dykes near Rio de Janeiro: Von 
Eschwege mentions others, and Mr. Fox observed one on St. Sebastian. Besides many obvious means 
of transportal to moderate distances of large fragments of rock, now that geologists generally admit that 
most countries have undergone slow oscillations of level, we must not overlook the power which the 
surf during gales would have, on an exposed and gently inclined surface, of driving onwards blocks of 
rock from the top of one line of beach to that of another, as the sea gradually encroached on the land. 
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low perpendicular cliffs of ice. The surface of these glaciers, even to a considerable 
height on the mountains, was of a bright azure colour and perfectly clean, as 
were the floating fragments. This is what might have been expected, from the 
shortness of the glaciers, from their not being bordered by precipices, and from 
their not being formed by the junction of two or more smaller streams of ice. 
Although the chief characteristic of the climate of the southern parts of South 
America seems to be its equability, yet the glaciers cannot descend very slowly, 
for large masses are continually breaking from the cliffs of ice. We were witnesses 
of one fall in the Beagle channel ; and the water was strewed with smaller pieces : 
Capt. King* mentions several bays and channels in Tierra del Fuego almost 
choked up with them; Mr. Bynoe+ informed me that as many as fifty icebergs 
were seen together in Sir G. Eyre’s Sound: behind the peninsula of Tres Montes, 
in a latitude corresponding to that of the lake of Geneva, some Spanish mission- 
aries{, in an account of their voyage, describe an arm of the sea as crowded with 
icebergs of all sizes. Some of the fragments of ice which are thus detached are of 
immense size: Mr. Kirke§ met with one in an inland creek, situated in the corre- 
sponding latitude as Paris, which was estimated at forty-two feet in height, and 
was aground, where bottom could not be obtained with a line of 126 feet. This 
mass was therefore at least 168 feet in height, equal to a lofty church: how vio- 
lently must the tranquil waters of the retired creek have been agitated when it fell ! 
Capt. King, describing another case|, compares the crash to a broadside reverbe- 
rating through these lonely regions. In the Beagle channel the insignificant fall 
which we witnessed, caused a wave that nearly destroyed our boats, though hauled up 
on the shore, and at the distance of half a mile from the cliff of ice. These waves 
seem to displace and drive before them the fragments of rock lying on the beach. 
Although the glaciers | saw were quite clean, many of the icebergs described by 
Mr. Kirke in Sir G. Eyre’s Sound were dark coloured, and on the surface of one, 
several blocks of granite and serpentine were found. 

The glaciers in the Beagle channel were generally bordered by a tongue of land, 
formed of huge fragments of rock, and many boulders were strewed on the neigh- 
bouring shores. The only glacier which I approached closely, descended to the 
head of a creek, formed on one side by a wall of mica-slate, and on the other by a 
broad promontory, about fifty or sixty feet high, and apparently composed entirely 
of enormous fragments, chiefly of granite. One of these was ninety feet in cir- 
cumference, and projected six feet above the sand. This promontory, which 
originally no doubt was a lateral moraine, projects nearly half a mile beyond the 


* Voyages of the Adventure and Beagle, vol. i. pp. 56, 58, 140, 258. 
+ The Author's Journal of Researches, p. 283. § Voyages of the Adventure and Beagle, vol. i. p.337. 
t Ibid., Appendix, p. 613. || Ibid., vol. i. p. 140. 
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extremity of the glacier, and is in parts covered by old trees: hence we must 
infer, that the glacier formerly extended considerably further than it now does. 

It would be useless even to allude to the difficulties which affect every theory 
of the transportal of erratic boulders, excepting that by the agency of ice; 
but after the remarkable discoveries of Venetz, Charpentier, Agassiz, and others, 
of the great extension in Europe of moraines formed by ancient glaciers, it is 
necessary to observe, that neither the ‘till’ beds of eastern Tierra del Fuego, 
which pass into and are regularly interstratified with a great formation of horizon- 
tally laminated sandstone, containing marine remains; nor the stratified gravel 
and till, which form low plains on the shores of Chiloe, and cap in regular beds 
the tertiary strata, can have been produced like ordinary moraines ; and, therefore, 
that the imbedded boulders cannot have been propelled by the glaciers them- 
selves. I am led to the same conclusion with respect to the till of southern 
Tierra del Fuego, which forms a level plain and a fringe around several islands, and 
which in one part passes into a regularly stratified deposit. The boulders on the 
lower levels at the head of the Santa Cruz river are strewed on land, which cer- 
tainly has been modelled by the action of the sea. Those on the 1400 feet plain 
are sixty-seven miles from the Cordillera, of which the highest pinnacle is only 
6400 feet, and the general range considerably lower ; this little inclination of the 
surface, with the absence of mounds or ridges on it, and the angularity of the frag- 
ments, are opposed to the notion that the blocks have been pushed to this great 
distance by glaciers. Hence I conclude, that in the two first-mentioned districts it 
is quite certain, and in the three latter highly probable, that the boulders were 
transported by floating ice. 

The fact of many of the blocks on the northern end of Chiloe being different 
from those thirty miles southward, where there must anciently have been a chan- 
nel across the island, is not opposed to the foregoing conclusion: for the tidal 
currents must have drained, according to the number and position of the seaward 
channels, determinate spaces of the area between Chiloe and the Cordillera ; and 
according to the situation of the spot whence the iceberg with its cargo of rock was 
first launched, so would it be swept towards one or the other channel. The varying 
winds, no doubt, would partly influence the course of icebergs, but, from their 
floating very deeply, the currents would act far more powerfully on them. Nor is 
the circumstance of the boulders on the high and low plain of Santa Cruz being 
of different kinds of rock any difficulty ; for after the change of level in the land, 
necessary to account for the’ existence of the lower plains, we might have anticipated 
that some of the glaciers which formerly debouched on the coast would cease doing 
so; and that rocks hitherto submerged beneath the sea would become exposed, 
and their fragments falling on the glaciers would be transported with the icebergs. 
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It appears that masses of floating ice, by which fragments of rock are conveyed, 
are produced in two ways, and under circumstances considerably different although 
often acting together, namely, by the breaking off of icebergs from glaciers de- 
scending into the sea, and by the actual freezing of the surface of the sea or its 
tributary streams. Great boulders can be included in ice by this latter means 
only (with rare exceptions) where the winter is extremely cold, as in the Gulf of 
Bothnia and on the shores of North America. A large proportion of the fragments 
thus enclosed will generally have been exposed to the wearing influences of the 
sea-beach ; and from the ice being in a sheet, they will be liable to be repeatedly 
stranded in shallow places, and thus to become still more worn. The other method 
of transportal, namely, by the descent of glaciers to the sea-level, and the produc- 
tion of icebergs, is far from necessarily requiring an extremely cold winter ; for the 
low descent of glaciers seems to depend (other circumstances being alike) in a much 
greater degree on the summer not being hot enough to melt the ice and snow, 
than on the winter being very cold. Hence, as I have endeavoured to show in 
my Journal (chap. xiii.), glaciers in South America descend to the sea from moun- 
tains not very lofty, and in latitudes extraordinarily low compared with those in 
Europe under which the same phenomenon takes place; and yet, the vegetable 
and animal productions of this kind of climate have, in some degree, an inter-tro- 
pical character. 

M. Agassiz has shown that blocks of rock are not imbedded in the ice of the 
Swiss glaciers, except high up near their sources, and that those numerous masses 
which lie on the surface, from not being exposed to much abrasion, remain angular : 
hence only loose angular blocks of rock (as was the case with those on the floating 
ice in Sir G. Eyre’s Sound) can be transported by icebergs, detached from the gla- 
ciers of temperate countries. And to effect this, the icebergs must be floated off 
perpendicularly and in large masses, for otherwise the loose fragments would be 
at once hurled into the sea. These remarks do not necessarily apply to icebergs 
formed under a polar climate, for if a glacier in its descent, reached the sea before 
the fragments of rock which had fallen on the soft snow had come to the surface, 
icebergs would be produced with imbedded fragments of rock: I have described 
in the ‘ Geographical Journal’* the case of one huge fragment thus circum- 
stanced, seen drifting far from land in the Antarctic Ocean f. 

As one of the above two methods of conveying erratic boulders, namely, that by 
icebergs from glaciers, is now in action on the South American shores, we are na- 


* Geographical Journal, 1839, p. 528. 
+ Dr. Merten’s observed many fragments of rock imbedded only just above the level of the sea in the 


lateraal wall of the glaciers at Spitzbergen, but he never saw any in the cliffs of ice facing the sea— 
Edinburgh New Phil. Journal, 1841, pp. 173 and 176. 
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turally led to conclude, that this was the chief agent in the enormous amount of 
transportal formerly effected over a more extended area. It would indeed require 
the strongest evidence to make one believe that the surface of the sea, or even of 
rivers, between lat. 41° and 42°, had ever been frozen thickly enough to enclose the 
huge masses of rock which we now find stranded on the island of Chiloe. The an- 
gularity of their forms at this latter place and at Santa Cruz, accords with their 
transportal by icebergs ; but it is not improbable that the other agency, namely, 
the freezing of the sea, may formerly have been instrumental in Tierra del Fuego, 
and especially in the southern parts of that country, where the boulders frequently 
show signs of attrition, as if they had been worn ona sea-beach. In endeavouring, 
therefore, to determine, in any country where boulders occur, the nature of the 
climate during their dispersal, we should attend not only to the character of the 
contemporaneous organic productions, but likewise to the shape of the fragments 
and to their position ; for these circumstances would aid us in discovering whether 
they had been imbedded in sheet-ice, or carried on the surface of deeply-floating 
icebergs. 
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Introduction. 


THE range of Dartmoor, independent of geological considerations, forms the most 
natural division of the county of Devon ; and the following pages relate only to the 


* In this memoir are given ina condensed form the substance of the following papers :—1. An Ac- 
count of the raised Beach at Hope’s Nose, read Nov. 19th, 1834. See Proceedings, vol. ii. p. 102. 
2. On the part of Devonshire between the Exe and Berry Head and the coast and Dartmoor ; read May 
25, 1836. Proceedings, vol. ii. p. 414. 3. On the Geology of the South-east of Devonshire; read 
Dec. 13, 1837. Proceedings, vol. ii. p. 584. 4. On the Structure of South Devon; read April 24, 1839- 
Proceedings, vol. iii. p. 123. 5. On the Bone Caves of Devonshire; read March 25, 1840. Proceed- 
ings, vol. iii. p. 286. 
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southern portion, but which includes perhaps a greater number of distinct forma- 
tions ; presents them under circumstances more favourable for their study ; and 
illustrates more points of geological interest than any other tract of equal extent in 
England. The object of the memoir is to describe, Ist, The several sedimentary 
formations ; their mutual relations, and organic remains. 2nd, The igneous rocks. 
3rd, General conditions ; the amount of successive change and local disturbance. 


General View of the Deposits of South Devon. 
1. Actual Period. (Map, Pl. XLL) 


§ 1. Estuary deposits.—Along the south coast of England, from the district where 
the older rocks first show themselves, all the rivers pour their waters into salt or 
brackish tidal estuaries, some of which are of considerable size ; and it is necessary 
to notice them and certain points connected with such bodies of water, to enable 
the reader to appreciate the evidence from which we infer that the estuaries were 
at a former period more considerable, and that other valleys were once estuaries 
which have now ceased to be so. The rocks which bound the terminal valley of 
the Teign are, in the lower part, sandstones and conglomerates of the new red 
series; and, in the upper, inferior rocks ; the length of the estuary being about 
five miles, but its breadth when full is less than one. At low-water this space pre- 
sents long banks of sand and of mud, black and fetid, from the abundance of de- 
composing vegetable matter, but between the banks a few streams of fresh water 
find their way: at high tide the whole area is submerged, and the water reaches the 
base of a line of low cliffs on each side. Such also are the features of the estuary 
of the Exe and of others to the westward. 

The species of mollusea living in these estuaries are few. The common Mytilus occurs only near 
the openings with the sea. Cardium edule, Mactra compressa, Venus verrucosa and V. reflexa, ascend 
much higher, and are very numerous; and many curious instances may be observed of the power which 
some marine animals acquire of adapting themselves to alternate change. When tides are low, and the 
volume of the Teign considerable, the banks in which these mollusks live are covered by fresh water ; yet 
the animals do not perish. A short distance above West Teignmouth are some sandstone beds, which 
are tenanted by a colony of the Pholas dactylus, and from which remarkably fine specimens may be pro- 
cured ; yet at low-tide the beds are covered by a stream of fresh water, which flows over them from the 
land. In like manner, the Teredines, which entirely destroyed the piles of Teignmouth Bridge, were 
constantly exposed to fresh water for several hours. But though the marine conchifera can thus accom- 
modate themselves to change, the Uniones and other fluviatile shells never, that Iam aware, descend into 
the estuary ; so that there is always a considerable area which affords no testacea, a circumstance which 
may account for the paucity of such remains in valleys now abandoned by the sea. 

§ 2. River sand and gravel.—The production of river sand and gravel, and the 
forms of fluviatile pebbles as distinguishable from marine shingle, are facts familiar 
to most observers. It is likewise well known that all streams which take their rise in 
upland regions have their channels strewed with blocks ; yet the power of transport 
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which the rivers of South Devon occasionally exert will probably appear incredible 
to the casual visitor ; but whoever is interested in such inquiries will be able to col- 
lect much information in the upper parts of the courses of the Erme, the Dart, and 
the Teign. 

§ 3. Marine beds.—The accumulations in progress over the bed of the sea vary 
in character with the depth of the water; coarse materials being seldom found 
beyond the ten-fathom line ; from that to forty, the sands decrease in coarseness, and 
deeper still is only mud or ooze. We know from soundings that in some places 
the teeth of certain fishes, and that in others certain shells, are peculiar to 
particular banks,—a grouping of individuals of the same species, of which we find 
such frequent instances in regular deposits, particularly in the crag. If therefore 
at the present time very different suites of organic remains are being buried in the 
contemporaneous accumulations of even inconsiderable areas, we seem hardly war- 
ranted in making the use we now do of the fossil forms of the older formations. 
If also we confine our observations to the natural productions of that small por- 
tion of the coast of the south-west of England which belongs to the district here 
described, it will be found to present peculiarities which must of necessity be 
perpetuated. 


In the south-western parts of England the fern tribe bears a larger proportion to the rest of the vegeta- 
tion than elsewhere ; thus in the valley of the Dart, above Ashburton, the Osmunda regalis occurs in greater 
abundance than in the whole of the rest of England. It is equally common in certain valleys of the 
south and west of Ireland. This remarkable fern could not be carried down into the present sea by any 
streams east of the Teign. 

The teeth of the hake occur in great numbers on certain banks at the opening of the Channel, but 
from the known range of this Mediterranean fish, its remains will be limited to our south-west shores : 
in the same manner, about twenty-five other species common in the Mediterranean seldom range further 
east than the waters of West Bay. So also the testacea which will in future ages characterize these same 
deposits will contain as many as seventy species common in the Mediterranean; or in the same manner 
as the faluns of Touraine differ from the contemporaneous crag of England in the more southern character 
of its shells, so will the actual deposits off the coasts of Devon and Cornwall differ from those of the 
Northern and German seas*. 

The following list contains such living shells as are peculiar to the coasts of South Devon and Corn- 
wall, together with such as are common there, but comparatively rare on'the eastern and northern coasts ; 
the numerical proportion of certain species being, I conceive, in comparisons of this sort, of greater value 
than the rare occurrence of any particular shell. 

The letters M. P. T. B. mark that the species occurs in the Mediterranean, or fossil in the pliocene 
deposits of Italy or Sicily, in the faluns of Touraine, or near Bordeaux. 


Spirula australis, Zamk. Anim. sans Vert. Bulla hydatis, Zinn. M. 
Bulla aperta, Linn. Syst. Nat. M. lignaria, Zinn. M., T., B. 
cylindracea, Pennant, Brit. Zool. M., B. {anthina fragilis, Lamk. 


* See the notice of Mr. Lyell’s paper on the Faluns of Touraine, Proceedings Geol. Soc., vol. iii. p. 437. 
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Turritella exoleta, Zamk. 

truncata, Linn. 
Natica glaucina, Zamk. T., B., It., Sic. 
nitida, Fleming. 
Phasianella pallida, Flem. (Turbo, Mont.) 
Turbo albus, Penn. 
cimex, Zinn. M. 
costatus, Turton. M., It., Sic. 
lacteus, Zinn. M. 


——- pullus, Zinn. M. 


reticulatus, Montagu. 

——- striatulus, Zinn. M. 

Trochus cinereus, Da Costa. M. 
erythroleucos, Turton. M.,T., It., Sic. 
magus, Linn. M. 

papillosus, Da C. 

Scalaria communis, Lamk. M., It., Sic. 

— Turtoni, Turton. 


Cerithium costatum, Fem. 
reticulatum, Mont. (C. lima.) M. 

Buccinum lineatum, Da C. 
macula, Mont. Med., T., It. 
Murex erinaceus, Linn. M., T., It., Sic. 
purpureus, Mont. Med., T., B., It. 
trunculus, Zinn. M., T., Sic. 
— septangularis, Mont., F’. Duj. T. 
turricula, Mont., F. Du. T. 
Fusus costatus, Flem. 
Sigaretus haliotoideus, Zamk. B., It., Sic. 
tentaculatus, Mont. 
Marginella alba, Lamk. 
Tornatella tornatilis. (T. fasciata, Lamk.) 
Velutina otis, Leach. M. 

stylifera, Turt. 


Haliotis tuberculata, Linn. 

Calyptrea sinensis, Lamk. M.,T.,B. (C. muri- 
cata, Bast.) 

Pileopsis ungarica, Lamk. M., T., B. 

Emarginula fissura, Lamk. M., T. 

Fissurella greeca, Lamk. M., T. (neglecta.) 

Dentalium dentalis, Zinn. M., It., Sic. 

entalis, Zinn. M., T., B., It., Sic. 

several other species. 

Anomia cepa, Linn. 

electrica, Linn. 


fornicata, Lamk. 
Pecten Jacobeus, Penn. M., P. 


Pecten lineatus, Da C. 
maximus, Penn. 


——— obsoletus, Penn. 

— tumidus, Zurt. Conchol. Dict. 

Arca barbata, Zinn. M., T., B., It., Sic. 

lactea, Linn. 

Now, Linn. M., T. (biangula, Bast.) 

Pectunculus glycimeris, Lamk. M., T., B. (P. pul- 
vinatus, Bast.) 

— pilosus, Zamk. M., T. 

Modiola barbata, Lamk. 

discrepans, Lamk. B. 

Lithodomus lithophagus. Cuv. 

Pinna ingens, Penn. M. 

fragilis, Penn. (P. pectinata, Linn.) 


papyracea, Turt. 


Isocardia cor, Lamk. B. 

Donax complanata, Mont. 

denticulata, Linn. 

Tellina crassa, Penn. T. 

donacina, Zinn. M., T., Sic. 

— fragilis, Zinn. M., T., It., Sic. 
——-— lineata, Turt. 

— rubra, Da C. 

—tenuis, Da C. B. 

Lucina arcuata, Mont. 

— divaricata, Lamk. Eo., Mio., & Plio. 
——— lactea, Lamk. M., T., B., Sic. 
——— pisiformis, Flem. 


—— radula, Lamk. 

Amphidesma truncatum. (Mactra truncatunt, 
Turt. Mactra, Mont.) 

convexum, Jurt. 

declive, Turt. (Anatina declivis.) 

Mactra Binghami, Turt. 

glauca, Born. 

——— triangula, Brocchi. (M. solida, var.) M.., 
T., It., Sic. 

Astarte Damnoniensis, Sow. 

Venus cassina, Linn. B., T. 


— decussata, Linn. 

——- dysera, Linn. Med., T., B., It., Sic. 
fasciata, Donovan, V. paphia, Linn. M. 
~ gallina, Linn. M., T. (V. cothurnix, Dw.) 
—— pallida? 

Cytherea chione, Zamk. M., T. 

exoleta, Lamk. M., B. 


——_ 
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Venerupis Irus, Zamk. 

Corbula nucleus, Lamk. (Syn. C. rugosa, Bast.) 
according to Lamk. M. 

striata, Lamk. B. 

Pandora rostrata, Lamk. M., It. 

Thracia pubescens, Leach. M., Sic. 

Mya arenaria, Linn. 


Lutraria rugosa, Lamk. 
Psammobia vespertina, Lamk. M. 


Solecurtus strigilatus, Zinn. M., B., T., Sic. 

Solen ensis, Linn., Penn. Sic. 

legumen, Linn., Penn. Med., B., T. 

purpureus, Turton. 

siliqua, Linn., Penn. 

Panopea Aldrovandi (Mya glycimeris), Mén. de 
la Gr. M. 

Gastrochena hians, Brocchi. (Mya dubia, Penn.) 
Mou. Tt 


modiolina, Zam. It., Sic. 


Solenantiquatus, Zinn. B. 
Solecurtus, De Blain. d : 
coarctatus. Med. 


2. Period prior to the most recent changes of relative level of land and water, 
and of climate. 


§ 1. Surface-soil—Throughout South Devon the surface-mould partakes of the 
nature of the subjacent rock. The map (Pl. XLI.) illustrating this memoir will 
sufficiently show how many formations, composed of very different constituents, 
are closely associated within its limited area, so that perhaps no other district affords 
better opportunities for observing the influence of soil on natural vegetation, or 
indicates more clearly the requirements of particular plants. Geology in its appli- 
cation suggests various considerations, which the labourer in the pure science has 
too much neglected ; and very many more consequences flow from the original ar- 
rangement of the mineral masses of a district than at first appear. 

On the slopes of the hills of the slate district of South Devon, and immediately 
beneath the superficial soil, the edges of the laminz of the slate are disturbed in a 
very remarkable manner, and frequently to the depth of several feet. In general, 
they present a simple curve, but occasionally they are most curiously contorted as 
in fig. 1, which represents a portion of a section at Goodrington, Fig. 1. 
near Ashburton. In every case the curve is directed outwards. 
By the action of frost on the exposed edges of inclined slate rocks 
the laminz separate, earthy matter is carried in between them, and 
thus the space they required is gradually increased. I have no 
doubt that in a similar process we have the true explanation of the 
appearance above described ; and though it would be hazardous to 
say that it may not have resulted from long-continued action of the actual frosts, 
yet when we consider the great extent to which this separation of the leaves of the 
slate has been carried, and the very inconsiderable depth to which frost at present 
penetrates in this part of England, we seem to require a period with a lower tem- 
perature and the action of deeper searching cold. 

In some places, as in most valley sections, and above the raised marine beds of 
the modern period, are thick accumulations of angular fragments, brought down 
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from the high grounds immediately above. These beds are not similar to those which 
in rocky districts occur at the base of cliffs and precipitous slopes; and the shape of 
the fragments (usually composed of flat shaly limestone as at Hope), as well as the 
angles presented by the surface of the accumulations, which are too small to favour 
the descent of fragments of even much rounder forms, oppose such an origin. 
The transferring of earthy matter from the sides of hills into their valleys is con- 
tinually going on, and to an extent much greater than is usually supposed, but the 
accumulations which result from this process consist only of minutely subdivided 
materials ; whilst those of the fragmentary beds, above noticed, seem to have required 
for their conveyance some agent of greater power than any at present in operation. 
The condition of the materials and their strictly local character sufficiently evince, 
that no denuding forces can have acted here ; yet these accumulations rest on bare 
surfaces without the intervention of any mould, nor is there any mould or earthy 
matter mixed up with them ; and it is only since they were collected, that we find 
. proofs of disintegration by the action of meteoric agents, and traces of animal and 
vegetable life, of which the superficial mould is the mixed product. 


Changes of Elevation and Depression. 


§ 2. Submerged forest-ground.—Beneath the waters of a considerable portion of 
Tor Bay is a tract in portions of which, exposed at neap-tides, stumps of trees of 
large growth project above the surface, and after gales of wind have removed the 
sand, they are found to be firmly fixed by their roots in the soil below. This fact 
has been often mentioned. Leland in his Itinerary says, ‘‘ Fisschar men hath divers 
times taken up with ther nettes in Torre Bay musens of hartes, wherby men judge 
that yn tymes paste it hath been forest ground,” and it is also noticed by De Luc*. 
At Broad Sands in the same bay, a similar deposit is well exhibited between high 
and low water marks, passing on one side beneath the shingle of the beach, and on 
the other beneath the sands of the bay; and certain black beds, but for the occur- 
rence of freshwater shells (Cyclades, Paludine), might easily be mistaken for an ac- 
cumulation of sea-weed ; the bones of deer and oxen are also readily found. These 
beds exactly resemble those peaty and decayed vegetable accumulations formed 
everywhere in low situations. Both at the Tor Abbey and Broad Sands they rest 
on lacustrine mud, which at the latter place contains the shells of the Paludina 
impura in great abundance ; at Goodrington are likewise traces of lacustrine marl. 

§ 3. Ancient alluvia.—An ancient forestial condition, such as even history in- 
forms us all this country presented, would necessarily occasion a greater conden- 
sation of aqueous vapour and more copious streams than now flow through this 
part of the county ; but there are phenomena in South Devon on much too exten- 

* Geol. Travels, English Trans., vol. ii. p. 308, 1811. 
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sive a scale to be thus accounted for. There is not perhaps a single valley through 
which a river, or even a brook, at present takes its course, along which alluvia 
are not found at elevations such as the existing streams in their most swollen 
states never have attained. The valleys of the Dart and the Teign afford frequent 
instances. 

Since 1834, when I gave an account of some of the recent changes to be ob- 
served in South Devon*, facts of this kind have accumulated so rapidly, and are 
so generally admitted, that at present it seems necessary to give only a general 
indication of the nature of the evidence and of some of the localities where such 
phenomena may be conveniently observed. 


In the valley near Chagford, and beneath the cultivated fields on each side of the stream, are thick 
accumulations of granitic sand and pebbles, and from their elevation and extent they prove the action 
of a river far more considerable than the present one. If we take the course of the Teign downwards, 
and attend to the sections which its banks afford, we see similar deposits of great thickness presenting 
that peculiar arrangement so characteristic of fluviatile action, and rising high above the reach of pre- 
sent floods. These deposits can be traced spreading out at the junctions of the valleys which open into 
that of the Teign. Another instance of the total inadequacy of the power of the present stream to 
produce the phenomena to be observed in its vicinity, occurs in the valley of the Lemon (a small 
tributary to the Teign), and particularly in that portion of it from Bickington to Holbeam Mill. The 
steep banks of the stream, and several good sections exposed in artificial openings in the fields show, 
that accumulations of the same character as those above described, occupy the whole broad expanse 
of level ground, and indicate the former existence of a river of corresponding width. Above Holne 
Bridge, north-west of Ashburton, the valley of the Dart presents similar phenomena on a wide scale +; 
and from this point nearly to Totness there is continuous evidence of a like kind, the neighbourhood of 
Staverton in particular affording most instructive instances on both sides of the river. The flat mea- 
dows about Totness are occasionally covered by the waters of the Dart, but these floods strew no 
coarse materials over their surface, as the fine silt and sand composing the soil sufficiently prove ; so 
that the thick subjacent accumulation of blocks and gravel must be referred to a former condition of 
the river. 


§4. Ancient lacustrine deposits.—Though the ancient alluvia of the Dart and 
Teign show that in several places their waters once spread over considerable areas, 
yet the only expanse which deserves to be distinguished as an ancient lake is that 
portion of the valley of the Teign which extends from Bovey to Kingsteignton. 


The uppermost part of the series of deposits which occupies this basin, so faras the level and unintersected 
nature of the district exhibits, is what the clay-diggers call “the head,” and it consists in some places of 
horizontal layers of sand, as in the upper and middle parts of the valley; coarse beds, which are often thirty 
feet thick, occur chiefly along the N.E. side, and it is from beneath these, that most of the pipe-clay is 
now raised. Good sections may be seen on each side of the lower road to Chudleigh. (Pl. XLII. fig. 8, 
B.) The appearances which indicate that this “head” is of fluviatile or lacustrine origin are the sub- 


* See Proceedings Geol. Soc., vol. ii. p. 102. 
+ Mr. De la Beche, in his Report on Devon and Cornwall, gives at p. 411 a section taken at this 
place. 


Se 2 


440 Mr. AvustEN on the 


angular and flattened, rather than rounded, forms of the materials, their arrangement, and those direc- 
tions of the banks of sand (which is such as may be observed in estuaries), which were caused by the 
currents produced in the lake by streams discharging at the same points at which they now enter the 
valley. The estuary of the Teign, but for artificial embankments and a wear, would even at present ex- 
tend nearly as far as Teign Bridge, for the foundations of the present structure are on a level with the 
sea at Teignmouth. From Teign Bridge to the upper part of the valley near Bovey, there is a rise of just 
eighty feet; so that before that elevation took place, of which there are such numerous proofs, the whole 
of this basin must have been placed beneath the level of the sea. 

The bones of the wild boar, the ox, and the red deer are found in the superficial sands of the Bovey 
valley, and beds of peat have often been discovered beneath the “ head” in openings made in search for 
clay-beds. The bones of this lacustrine accumulation are black, with a smooth polished surface, resem- 
bling those which are now found in the beds of rivers or ponds, and are very unlike remains from 
breccias and caves, which are either white or slightly stained with red, and are corroded on the surface, 
as if they had been long exposed to the atmosphere. 


§ 5. Raised estuaries.—The general features of some of the valleys as they ap- 
proach the sea, suggest that they were formerly estuaries, though at present only 
very inconsiderable streams of water flow through them ; thus the broad level de- 
posits of the valley of the Axe could hardly have been accumulated by any shiftings 
and expansions of the present river. Next to the eastward, the valley of the Otter 
presents for several miles inland a flat extent of meadow-bounded by vertical cliffs 
(§ 1. p.434). In some places, as from Datton Mill towards Newton, the stream flows 
at the base of cliffs consisting of compact beds of new red sandstone ; through 
the greater part of its course, however, it does not approach them, but occupies 
a deep channel along the central line of the valley ; these vertical cliffs therefore 
cannot possibly have been produced by any causes in present operation, and 
clearly indicate the extent of the former estuary. On the eastern side of the 
valley, below Datton Mill, is a remarkably good section, presenting three feet of 
silt, resting on a considerable thickness of sea-sand, the whole being placed on the 
coarse gravel of the district. | 

In the upper part of the estuary of the Exe, from Topsham to Alphington, and particularly along the 
western side, is a flat expanse of land, high above the present water level, but which must have been 
accumulated under salt or brackish water; the beds abounding with existing British species of Mactra, 
Tellina, Cardium, &c. These shells are found in the nursery-grounds of Messrs. Pince, as high up the 
valley as north of the main road leading from Alphington into Exeter. The great width of the body of 
water which formerly occupied this valley, is easily observed in still higher parts of its course. 

The tract at the mouth of the Exe, known as the Warren, consists, on the sea side, of lines of sand- 
hills or dunes of some elevation, resting on a broad bank of sand and shingle of purely marine origin. 
This bank belongs to the time when the valley had a lower level, or was constantly submerged, and when 
the sea reached the base of the cliffs on the western side of the mouth of the river, and produced the 
range of cliffs running inland from Warren Point. As at the mouth of the Taw, where we have a like 
order of things on a rather larger scale, there is no real line of separation between the blown-sands and 
the subjacent coarse beds, which contain marine shells, so, at the mouth of the Exe, we have a passage 
upwards from beds purely marine into others of a fluvio-marine character, graduating into such as swarm 
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with the shells of two or three species of Helix. At Slapton Ley, Swanpool, and other places, are 
also raised marine beds passing into lacustrine ones, full of freshwater shells, which occasionally contain 
layers of freshwater fishes, the remains of those which from time to time are destroyed by irruptions 


of the sea, as in 1824 and 1836. ’ 
Fig. 2. 


Sands with Helices. Raised marine beds. 


_Raised marine beds. 


Raised Estuary Deposits. 


§ 6. Raised marine beds.—A raised beech is seen a little on the inside of the 
point of land known as Hope’s Nose, which forms the eastern limit of Tor Bay. 
From the rocks below, or from the sea, it has the appearance of a series of hori- 
zontal and parallel beds ; and the view, fig. 3, taken from the east, shows the mass 
as it rests on the highly inclined edges of the limestone. (See also Pl. XLII. fig. 1.) 


Raised Beach at Hope’s Nose. 


The distance between the usual line of high water and the lowest part of this 
deposit is thirty-one feet ; and the thickness of the compact stratified portion is 
seventeen feet. How far the beach extends upwards and inland, it is difficult to 
determine, as it is covered by an accumulation of shaly limestone derived from the 
hill above ; but as, at an elevation of about sixty feet, there is a bed of sharp quartzose 
sea-sand beneath the superficial debris, and as the point of land, previous to its eleva- 
tion, must have presented a shelving coast, the marine beds would thin off gradu- 
ally, and the greatest amount of elevation may be taken at about seventy feet. 

This deposit is not an uniform mass throughout: in the lowest part it is coarse, and contains blocks of 


considerable size, and the shells of a large oyster occur in considerable numbers: higher up it becomes an 
exceedingly hard, fine-grained, and compact sandstone; the shells in this portion are abundant and well pre- 
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served, being Patella vulgata, Murex erinaceus, Turbolittoreus, Turritellaterebra (Flem.),Serpule, Cardium 
edule, C.tuberculatum, Modiola vulgaris, Pectenmaximus,P. varius, Cyprina Islandica, Venerupis decussata, 
and Ostrea edulis. The materials of these beds are such as the rocks in the immediate vicinity might sup- 
ply; but chalk flints also occur, which are not to be found, that I am aware, on any beach within the Bay. 


A similar marine deposit occurs on the Thatcher, a small insulated rock situated 
about a quarter of a mile south-west of Hope’s Nose ; and it is rich in shells, par- 
ticularly the Turritella terebra (Flem.). 

The circumstance to which the preservation of this evidence of so great a change 
of relative level is owing, is the hard nature of the limestone rock on which the 
marine beds rest, and with which they are co-extensive. From this, and also the 
abrupt manner in which they are cut off, these detached beds may be taken as fair 
illustrations of the amount of elevation, but not of their original horizontal extent. 

Near Brixham, both within the Bay and between Berry Head and Sharkham 
Point, are similar deposits, which contain portions of the iron-lode of that place, 
rounded into pebbles. At one spot the hematite has reunited into a compact 
mass, and includes occasionally patches of sea-sand and shells. 7 

Similar proofs of recent elevation occur at intervals along the southern coast, 
wherever the hardness of the rocks has enabled the deposit to resist the washing of 
the sea; as near the mouth of the Dart, and at Slapton, where it rests on new red 
sandstone. These beds, like those of Hope’s Nose, contain chalk flints, though 
none are to be found along the present line of beach. 


All the above deposits exhibit instances of that diagonal lamination so 
common in some of the older arenaceous formations, particularly in the 
new red sandstone of South Devon (fig. 4.). The beds also are seldom 
horizontal, except where the surface on which they rest happens to have 
been so; if otherwise, they partake of the slope, and dip at various 
angles towards the sea. In one instance, on the north coast of Devon, 


I observed an inclination of as much as 35°. Reecac anarinedieosite diagonally aninanene 

To those who are aware how rich the waters of the neighbouring sea, and of Tor Bay in particular, 
are in testacea, the list above given will appear exceedingly meagre ; but in this respect the Devonshire 
deposits agree with those of the same period in other localities. Not only are all the forms which have 
been already noticed, and which may be considered as the present characteristics of our south-west- 
ern coasts, entirely wanting, but we miss all those other shells which any beach, at the present day, would 
readily supply. This is only negative evidence, but it suggests that the period of these raised deposits. 
may have been one less favourable than the present to the development of marine life,—owing, perhaps, 
to a lower temperature ; such as the broken up or detrital edges of the slate rocks would also indicate. 


Tertiary Deposits. 


Period marked by Extinct Animal Forms. (Map, Pl. XLI.) 


§ 1. Gravel.—This term would probably be applied to many accumulations 
within the district here described, which, though they may have been produced by 
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a similar condition of things, yet belong to very distinct periods ; it is used, in the 
present instance, to designate those deposits which have been found to contain 
certain mammalian remains. 


All the valleys of South Devon, from the Exe eastward as far as Lyme inclusive, have afforded the 
tusks, bones and teeth of the elephant and rhinoceros. The deposits which contain these remains, 
though not stratified, have a very distinct horizontal arrangement, consisting of gravel, with irregular 
layers of sand, and they afford sections similar to those which estuary or fluviatile accumulations usually 
present. They occur invariably in low situations, proving that, prior to the occupation of the country 
by the animals in question, the several valleys were as deep as they now are, that the process of excava- 
tion had been completed, and that the surface exhibited the same outline as at present. 

This period may be contemporaneous with, or immediately subsequent to, that of the occupation of the 
ossiferous caves ; and in the latter case it would be synchronous with that inundation which seems to be 
requisite to account for all the appearances presented by the ossiferous fissures, and which will be 
presently mentioned. 

Comparing the remains of the large Pachyderms found in caves with those of the gravel beds, the 
latter appear to have generally belonged to old, full-grown animals, whilst collections from Kent’s Cavern 
show that the animals were mostly young. 

Referable also to this period are those accumulations which, at the western base of Haldon, either fill 
the wide fissures in the lime rocks, or are collected in depressions on their uneven surfaces ; the latter 
containing the remains of all the animals found in the fissures, as may be constantly seen at the great quarry 
near Chudleigh, whenever the workmen remove the “ head” to get at the surface of the limestone *. 


§ 2. Ossiferous caves and fissures—The phenomena of ossiferous caves, fissures 
and breccias have been usually classed together, but they appear to me to be really 
distinct, both as to time and the circumstances which produced them. 

Their natural order appears to be, Ist, the caves which have been inhabited 
by animals ; as Kent’s Hole, Anstis, and Yealmpton, described by Col. Mudget. 
2ndly, a complex group, including all those breccias or superficial collections of 
angular fragments usually found in the neighbourhood of calcareous strata, fre- 
quently associated with the bones of animals, and which seem also to have required 
the aid of moving water to have reached their present positions ; and 3rdly, the 
large fissures in lime-rocks, as those of Chudleigh and Plymouth, now filled to 
their mouths with ossiferous breccias, but often expanded into chambers containing 
masses of mud, bones and debris, the forms and positions of the accumulations 
clearly pointing to the vertical fissure through which they were introduced. Con- 
firmation of this process of filling is afforded by many limestone caverns which 
have not been found to contain any remains of animals; such caves having the 
character of fissures, and must not be confounded with the inhabited ones. In 
filling the fissures the transporting power of currents of water is required, which 

* The collection of bones of extinct animals found in a depression in the limestone of the Hoe, and 
which Dr. Moore brought before the Geological Section of the meeting of the British Association at 


Plymouth in 1841, were most probably from a similar superficial accumulation.— (JVote, 1841.) 
+ Geol. Proceedings, vol. ii. p. 399, 1836. 
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could move along from exposed surfaces all loose materials, bones, and land-shells, 
and which would naturally fall into such open chasms. Nor is this action of flow- 
ing water a mere assumption ; whoever will examine the collection of materials in 
these great open joints and fractures will be satisfied that they could have been 
filled only in the manner here suggested ; there being in every case an admixture of 
materials from a distance, and it is a remarkable fact that these have been derived 
from rocks in situ, north of the places in which we find them. Thus the breccias of 
Chudleigh contain granite and altered rocks from the sides of Dartmoor, and the 
same phenomenon occurs at Yealmpton and Plymouth.. 

The first class of caves, such as those near Torquay and others, belong to the 
time when the country was the actual habitation of certain forms of animals now 
extinct or foreign; the second class contain the evidences of some subsequent 
event, which apparently happened at the close of that period. 


The well-known Kent's Hole, near Torquay, is a large cavern in a compact limestone, and consists of 
one large chamber, with several minor ones communicating by narrow passages, all parts being of easy 
access. A stalagmitic crust, which appears to have covered all the lower part of the cave before it was 
broken up in the search after remains, is still very thick in some places, and it is a curious fact that the 
deposition of stalagmite has been subsequent to the introduction of the clay, for I have frequently worked 
through the entire thickness of the latter and found it resting on the bare limestone. No increase to the 
stalagmite is now being made. The mass of bones which this cave contained was very great, and must 
have required a considerable lapse of time for its collection; there are appearances also about many of 
these remains which seem to indicate that they had been long exposed to the air before they were included 
in the clay. Nearly all the specimens I possess from this cave bear the marks of teeth, and mixed with 
them are quantities of the faces of animals which must have fed largely on bone. Human remains and 
works of art, such as arrow-heads and knives of flint, occur in all parts of the cave and throughout the 
entire thickness of the clay: and no distinction founded on condition, distribution, or relative position 
can be observed, whereby the human can be separated from the other reliquiz. 

The obvious inference from this fact is at variance with the opinions generally received, and the cir- 
cumstance of the Paviland Cave will doubtless be adduced as a solution of the difficulty. The two 
cases have nevertheless nothing in common. In the Paviland Cave the bones of the skeleton were 
together, in their mutual relations, and the several implements in close juxta-position ; in the other they 
are as above described, and there is not a single appearance which can suggest that the cave has been 
used as a place of sepulture. 

The bones of the cave must have been gradually collected ; the clay may either have been carried in 
at some given period, or else have been added from time to time by floods ; in the latter case there would 
be an alternation of layers of bones with seams of clay, but we find no arrangement of the kind, and I 
think it more probable that their confused mixture has resulted from some one event. 

The osseous remains found in Kent's Cave belong principally to the elephant, rhinoceros, ox, deer, 
horse, bear, hyzena, and a feline animal of large size*. 

This and other similar caves, both in England and on the continent of Europe, as the celebrated Kirkdale 


* The following observations respecting the animals which occupied osseous caves were read March 
25, 1840. 
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Cave, described by Dr. Buckland, are supposed to have been the dens of hyznas. There can be little 
doubt that the bones found in these caves have been collected by animals of prey, and as all the forms 
we find in them are such as we are acquainted with at the present day, the argument from analogy is the 
most obvious. If we take as our guide the habits of existing species of hyznas, we find little or nothing 
to warrant the conclusion that they have been the active agents in conveying the cave-bones into the 
places where we at present find them. These animals, now much better known than formerly, neither 
hunt after living prey nor live together in packs, still less in caves*; nor have they courage to attack 
any formidable animal; on the contrary; such is not the position of the genus in the natural order to 
which it belongs; they prefer the putrid flesh and bones of such animals as they find in their nightly 
prowlings. The instance quoted by Dr. Buckland, on the authority of Burchell, in support of the sup- 
position that these ancient hyenas were hunting animals, is now well known to have rested on the false 
classification of the Hyena venatica of Burchell+ with the true hyzenas, an animal in important parts of 
its structure related to the genus Canis, and with which it has many similar habits ; but even granting 
that these ancient hyzenas might have acted in concert, and thus attacked such large animals as the 
elephant and rhinoceros and subdued them, they could never have conveyed their bodies over the sur- 
face of a rocky limestone district ; and on the authority of Knox we may assert, that they never attempt 
to do so—whatever an hyena meets with he devours greedily on the spot. 

Lions and panthers, on the other hand, pursue only living prey, which at one spring they lay pro- 
‘strate beneath them, and securing it in their jaws, and bearing its weight on their powerful shoulders, 
they retreat with it to their caves. Cuvier notices the extraordinary strength and rapidity of the move- 
‘ments of the larger Felide. In Asia there is no animal which they are afraid to attack; the African 
lions constantly carry away oxen and animals of great bulk. With respect to their usual abodes, we 
have the authority of all African travellers and hunters, that chasms, caves, overhanging ledges of rocks, 
‘and similarly protected places are their haunts, and the spots to which they carry their prey. 

Large Felide existed in South Devon, in other parts of England, and Northern Europe during the 
‘geological period we are now considering; their remains occur in the Oreston breccia and in Kent’s 
‘Cave. Dr. Buckland has figured both a canine and a molar tooth from Kirkdale. “ Ces dents,” says 
Cuvier, “n'ont rien de différent de celles d’un lion, méme pour la grandeur.” (Oss. Foss., 3rd edit. t. iv. 
p- 455.) 

I conclude, from the known habits and powers of the only ten genera we have to consider, that the 
various animals were dragged into the caverns by powerful Feline, who used these places as dens 
during a long period of time; that when the larger Carnivora had satiated their hunger or were absent, 
the caves were visited by hyenas (who lived then as now on the abandoned prey of others), by whom 
the bones were picked, gnawed, splintered, and scattered. The hyenas who frequented the caves would 
in this manner be exposed, even more frequently than any other animals, to fall a prey, and accordingly 
their skulls are found pierced by the canine tooth of alarge animal ; and in these instances their remains 
would be devoured by their own species : that such was the case, the bones of the hyzenas sufficiently show. 

The occurrence of human remains and works of art in Kent’s Cave deserves some further notice, 
such a statement being very liable either to be questioned, as at variance with a favourite theory, or to be 
so accounted for as to present no difficulty in the way of the theory. There is no @ priori reason why 
man and the several animals whose remains occur in caves and in gravel should not have lived here at 


* “ Les hyénes se tiennent solitaires dans les parties montagneuses.”—Cuv. Oss. Foss., 3rd edit. t. iv. 


p- 387. 
+ “IL est évident que cette hyéne [H. venatica] doit former un sous-genre dans le genre des chiens, 


qu'il liera plus intimement a celui des hyénes.”—Cuv. Oss. Foss., edit. 1825, t. iv. p. 387 ; Régne Animal, 
vol. i.; Swainson, Class. of Quadrupeds, p. 131. 
VOL. VI.—SECOND SERIES. 3M 


446 Mr. Austen on the 


some remote time, just as closely allied species now do in other regions: that some of the fossil species 
may differ slightly from existing ones does not affect the question, as the man of that period may have 
differed as much, or belonged to a more southern type. Few, I imagine, who are acquainted with the 
facts which the labours of MM. Schmerling, Marcel de Serres, and others have established, entertain 
any doubts as to the fact that the bones of man have been found in caves ; what I wish to state distinctly 
is, that they occur in Kent’s Cave under precisely the same conditions as the bones of all the other 
animals. The value of such a statement must rest on the care with which a collector may have ex- 
plored; I must therefore state that my own researches were constantly conducted in parts of the cave 
which had never been disturbed, and in every instance the bones were procured from beneath a thick 
covering of stalagmite ; so far then, the bones and works of man must have been introduced into the cave 
before the flooring of stalagmite had been formed. It may be suggested, that this cave was used as a 
place of sepulture by some early inhabitants of this country, and that bones of the other animals occu- 
pied the lower parts of the cave when such sepulture took place. 

In this case our researches should expose the human skeletons entire, as in the Paviland Cave; or 
at least the bones should occur in some sort of mutual relation to each other, but no such thing has 
ever been observed by any explorer in Kent’s Hole; so that as far as the evidence from this cave is to be 
our guide (and which is all that we should look to), there is no ground why we should separate man 
from that period, and those accidents, when and by which the cave was filled. 

The favourite habitats of beasts of prey, in a wild state, are warm and dry situations; and at the time 
when, as we may fairly assume, the country was thickly covered with forests and swamps—the range of 
the horse, the ox, and the large Pachyderms,—we cannot well imagine spots better suited to Carnivora 
than the great tabular masses of limestone, with their caves and crevices, which the surface of South 
Devon presented. It would be to such spots that they would retreat with their prey. So that in the 
lapse of time the surfaces would be strewed with the teeth and harder portions of every animal of the 
country and period; just as, according to all accounts, the vicinity of the haunts of the large Carnivora 
is at the present day. Any subsequent inundation, such as that which other considerations have esta- 
blished, would carry forward with it all the animal remains, and leave them, together with detached blocks 
of limestone, mud, sand, and foreign rocks, in every open chasm and depression. 

In support of this there are evident marks about most of the bones from the osseous breccias, that they 
had long been exposed to the air before they were buried in the clay. Had all the various animals 
whose bones have been collected, fallen into these chasms, portions of each animal should occur, and in 
nearly their proper relations ; but there has never been observed the slightest tendency to such a con- 
dition. Very little personal search among these masses of breccia will be sufficient to convince any 
observer, that casualties of this sort cannot account for the scattered fragments of bone he may discover 
in them. Animals may have so perished; but such cases must be considered exceptions to the process 
by which the fissures were filled. 


§ 3. Surface-accumulations at higher levels —Over most parts of the district here 
described, particularly within the combes of the new red sandstone series, are thick 
accumulations of local debris, as if during the formation of the valleys the finer particles 
had been removed and the coarser alone left. In the Dawlish valley, associated with 
materials from the new red conglomerate strata, are others derived from the cretaceous 
series, the whole mass being upwards of forty feet thick (Pl. XLII. fig. 5.). Similar 
accumulations are scattered over the whole of that part of Devon which intervenes 
between the Haldons and Blackdowns ; and those in the valley of the Otter present 
as great an admixture as the deposits of Dawlish ; but proceeding eastward, as in 
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the valley of the Sid, Salcombe, Weston, and Branscombe, the collection consists of 
chalk-flints, flint-breccia and sandstone, and materials from the harder beds of the 
greensand. These accumulations are not confined to valleys, but invest the slopes 
and crown the summits of many minor ridges, as those which lead up to the Hal- 
dons. In thus classing together the accumulations on the high grounds with those 
in the bottoms of valleys, it is not implied that they are exactly of the same geolo- 
gical age, or referable to some particular period of dispersion, but that they are the 
results of those agents, which, for a long period, must have been in operation over 
this district, and produced the actual configuration of surface. 


Fig. 5. 
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SS New Red Sandstone. 


Section near Dawlish of regenerated new red sand resting on a recent marine deposit. 


The above cut represents a road-section near the summit of the hill west of 
Dawlish. A bed of marine debris rests on the uneven surface of the new red sand- 
stone, and above it, is a thick mass of regenerated new red sand, in regular layers, 
but without a single pebble of chert or flint, and the uppermost mass is another 
thick bed of debris. 

In the cliffs east of Dawlish is a similar thick deposit of pure, regenerated new 
red sand, resting on a bed of materials from the chalk and greensand series. 

§ 4. Uppermost beds of Haldon.—The outline of the Haldon and Blackdown hills, 
viewed from any point which commands their range, is strikingly horizontal, and 
their upper surfaces present table-lands, from which deep combes and valleys, de- 
scending to the level of the sea, have been excavated through various formations. 
The uppermost deposits, of inconsiderable thickness in both ranges, correspond ; 
but in the nature and condition of their materials they are very distinct from what 
occurs immediately beneath them. The line of contact presents an irregular surface, 
similar to that exhibited where the subjacent beds rest on chalk or greensand. 

This superficial accumulation consists principally of flints, but it contains in places, 
and rather plentifully, fragments of red porphyry, altered slates, black schorly 
granite and quartz, from Dartmoor; all the latter being rounded, like marine shingle, 
and the whole mass having an exceedingly water-worn ‘character. (Pl. XLII. 
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fig.8 A.) The proportion which the crystalline rocks of the upper Blackdown beds 
bear to the rest, is less than in the equivalent ones of Haldon, but the pebbles are 
mineralogically identical, and undoubtedly have been derived from the same quarter. 

In these beds we seem to have the last operation in the order of events, before 
the excavation of the deep valleys of the district commenced. 

A bed of considerable thickness, composed chiefly of angular chalk flints, but 
containing in its lower portions large tabular and angular blocks of chert and sand- 
stone, mixed with sand, is found on Blackdown and its ramifications, resting occa- 
sionally on chalk, but more generally, as on Haldon and Milber Down (PI. XLI.), 
on greensand. This accumulation lies on a very uneven surface, as is well exhibited 
along the coast-section generally, both east and west of Sidmouth ; the depressions 
which produce this rugged outline being either troughs, or deep, inverted cones. In 
1836 I examined one of the latter, which had been just emptied of the flints it had 
contained. The strata in which it occurred, were of very compact sandstone, and 
the sides of the pit, which was circular, exhibited deep concentric grooves, such 
as would be produced by the circular motion of the materials within. Similar pits 
have been often noticed over the surface of the chalk, and they are very common 
in this neighbourhood, ‘They have been attributed to the erosive action of acidu- 
lous waters ; but as they are not confined to calcareous beds, extending here into 
arenaceous strata, such an explanation can hardly be received as a general mode 
of operation, and we must have recourse to the mechanical action of hard substances 
set in motion by water, in the same manner as pits and basins are now constantly 
produced along the coast and in rapid rivers. This mass of purely cretaceous 
materials, the flints, coated by a black substance, being intermixed with abun- 
dance of strong clay, is very distinct as an accumulation from the overlying water- 
worn flints and pebbles of older rocks; but it corresponds exactly with those beds 
which in many places constitute the lowest tertiary deposits, where they rest on 
chalk. In the Bovey valley a similar accumulation is subjacent to the pipeclay beds. 

Other portions of the tertiary series apparently once extended here. Scattered 
largely over the surface of all this district, and mixed with the debris on the hills, 
are blocks of a breccia, composed of angular fragments of chalk flints, cemented 
together by an exceedingly hard, siliceous paste. This breccia affords proof of a 
long post-cretaceous period of tranquil deposition, and of a subsequent one of de- 
struction, of both of which it is the sole remaining indication. Besides the breccia, 
there are large slabs, composed partly of similar materials, and in part (taking the 
blocks according to their thickness) of a compact, fine-grained sandstone, some 
blocks containing only an occasional flint, but some none at all, in which cases 
they are mineralogical grey-wether sandstones; and may probably be the equi- 
valents of those siliceous masses, warranting, a presumption at least, that tertiary 
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deposits once extended wherever this breccia now occurs; for the blocks are so 
angular that they cannot be supposed to have been conveyed from a distance. The 
breccia, with its accompanying sandstones, occurs on the Blackdowns; it is very 
abundant in the valleys about Sidmouth ; it has been worn into rounded boulders 
and pebbles in the great valley of the Exe ; it is found again in tabular masses on 
the Haldons, below the accumulation of more rounded materials (p. 448), and in 
similar angular blocks beneath the pipeclay. A very large block serves as a foot- 
bridge over a water-course near Kingsteignton *. 


Srconpary Deposits. (Map, Pl. XLI. Sect. Pl. XLII. Figs. 1, 2, 3, 5, 8 A.) 


§ 1. Chalk.—There are the following proofs that the chalk extended over por- 
tions of South Devon, from which it has been since removed : Ist, in the abundance 
of chalk-flints, uninjured by transport or attrition, which crown the greensand hills 
of Haldon (fig. 8A.); and 2ndly, in the circumstance that the high lands along 
the line of coast, from the Exe westward, present a very uniform elevation, the dip 
of the beds being in the same direction, and at such angles, that, proceeding from 
west to east, we encounter a constantly ascending series, and find the various 
divisions smoothed off, as they rise to the general surface-line of the country. 

The chalk in the valley of Beer offers the same artificial divisions which it does in 
the South Downs, the only difference worth noticing being, that the cretaceous series 
generally in its extension westward must have presented, when complete, a gradually 
decreasing thickness. With the slight difference of a rather larger proportion of 
siliceous particles, the chalk seems to have preserved its general appearance as far 
westward as the small overlying mass on Maynard Hill, where it is very remarkable 
on account of its great abundance of the remains of Radiaria. Blocks of chalk may 
be found among the debris as far west as Peak Hill, near Sidmouth, and the thick 
capping of angular flints on the greensand of Haldon, as before stated, and on that of 
the Bovey valley, indicate that the formation once extended thus far. 

Certain white granular beds, worn into deep furrows on the upper surface, which 
surmount the greensand at Staple Hill, near Stover, and contain the spines of a 
Cidaris, may perhaps represent chalk. (Pl. XLII. fig. 2.) 

§ 2. Greensand.—The greensand of the S.E. parts of Devon may be considered as 
belonging to the great mass of Blackdown, so well described and illustrated in Dr. 
Fitton’s memoirt. An interesting fact, which appears to have escaped observation, 
is the occurrence of a shingle bed in the lower part of the deposit, and well seen in 
the capping of greensand on Salcombe Hill, near Sidmouth. The pebbles consist of 

* See an account of similar blocks in Dorsetshire in the Memoir of Dr. Buckland and Mr. De la 


Beche on Weymouth, Geol. Trans., 2nd Series, vol. iv. p- 4. 
+ Geol. Trans., 2nd Series, vol. iv. p. 235. 
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compact sandstone, containing green earth, and are totally unlike any of the older 
English strata ; but they are exactly such as occur on the beach near Swanage, and 
derived from the harder beds of the greensand. I was unable to find a specimen 
containing organic remains. If, as most geologists, I feel confident, will admit, 
these pebbles have been derived from greensand beds, just as pebbles of the 
hard compact sandstones of the raised marine beds on the actual coast may be 
included in strata now being formed, we have proof that portions of the greensand 
series had become consolidated, and having been exposed to destruction, had con- 
tributed materials to the shingle beds in question ; or if this mass of shingle has 
been derived from some older formation, as for instance, from some beds of the 
oolitic series, the mineralogical agreement between the shingle and the overlying 
sand would follow as a natural consequence, just as the recomposed tertiary green- 
sand beds cannot be distinguished from the parent subcretaceous strata. Exogyre 
and Serpulz adhere to the pebbles. A host of the Blackdown fossils given in Dr. 
Fitton’s tables * are found in the branches of the formation which extend to the 
sea-coast. East of Sidmouth large branched corals are very abundant, and a gigan- 
tic, undescribed Ostrea. 

The next mass westward is that of High Peak, and traces of the deposit perhaps 
occur on the Woodbury Hills, near the Belvidere. 

The greensand of Haldon differs a little from that of the Blackdowns. The lower beds, which rest on new 
red sandstone (fig. 8 A.) and carbonaceous rocks, consist of clay and yellow sand, with fragments of shells, 
or else of a pebbly conglomerate, made up of portions of the carbonaceous series, with shells and large 
coralst. This conglomerate may be found along the western slopes of Little Haldon. Sands with abun- 
dance of green earth, layers of whetstone, and beds of shells of considerable horizontal extent and thick- 
ness, converted into red or transparent chalcedony, form the middle portion. Above these are sands 
with no green earth and lines of chert. A very distinct vegetation everywhere marks the line of 
junction. 

To the westward of the Haldons the greensand has not been described by former 
observers, yet it occurs in situations which make it exceedingly interesting, and 
renders a detailed description the more necessary, as it illustrates some of the dis- 
turbances which the district has experienced. 

One great mass is that of Milber Down, near Newton Bushel, where, owing to the thick accumulation 
of sand and flints which forms the upper surface, and the few places in which unequivocal stratified beds 
are exposed beneath, the tract has been usually considered a portion of the Bovey basin. The Milber 
beds are identical with those of Haldon, and but for the roads, which in Haldon have exposed artificial 
sections, proof of undisturbed greensand would be as difficult on one eminence as on the other. Along 


the edges of the waste of Milber, as in the descent to Haccombe, however, are beds of true greensand, 
with included layers of chert and whetstone, covered with characteristic fossils. From that place the 


* Geol. Trans., 2nd Series, vol. iv. part 2. p. 239. 
+ Mr. Lonsdale I find refers these to Ehrenberg’s genus Cyathina. 
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deposit ranges over the summits of the hills above Coffinswell, passes into the valley a little below Kings- 
kerswell, and then rises into the opposite hills; near Aller Mills it contains beds of yellow ochre, with 
sand and light-coloured clay—an association very like that at Shotover; and it crowns the hills above 
Woolborough. On the other side of Newton it forms very compact beds a little beyond White Hill, 
beneath clay and debris, and also at Ringslade. From Staple Hill (fig. 2.) to the Ashburton road the 
greensand acquires considerable breadth, the strata dip at a high angle, and appear broken : intermediate 
between the greensand and the “head” are the white beds, which may perhaps represent chalk. 

The Trigonie which occur in the arenaceous beds at Staple Hill, prove the 
deposit to belong without any doubt to the greensand. 

Crossing over to the opposite side of the valley, similar beds are well exposed by 
Bellamarsh. On each side of the road leading down to Combe Farm, we have 
an artificial section, fig. 6, showing the base of the deposit, resting on carbona- 
ceous shales, and containing fragments of culmiferous grit, also Exogyre, Pecten 
quinquecostatus, &c. in great abundance. 


Greensand resting on Carbonaceous Shale, near Combe Farm. 


Below Ponswine Farm the formation presents fine-grained beds with green earth 
and numerous characteristic fossils. The deep cutting for the new road affords a 
good section, showing the thick capping of debris resting on the furrowed surface 
of the greensand: in this section are lines of chert, and some very remarkable beds 
almost entirely composed of Orbitolites. 

The greensand along all this course occupies the slopes of the hills which form 
the Bovey valley, and it rests on new red, carbonaceous, and transition strata, 
perhaps upon granite, as near Letford Bridge, on the road to Lustleigh. 

Pipeclay occurs towards the base of the greensand in Great and Little Haldon*, and attempts have been 
made to work it near the western extremity of Great Haldon. In a deep water-course below Wool- 


borough, pipeclay beds alternate with sand, and an alteration of the road near Ford presented an inter- 
esting section of similar clay-beds alternating with greensand. 


A small outlying patch of greensand occurs near Larcombe Bridge, below Ide- 
ford, a connecting link between the Haldon deposits and those of the Bovey valley. 


* It is the bed in the section presented by a well, carried through the entire thickness of the deposit 
by Sir Robert Newman, quoted by Mr. De la Beche, Report, p. 247. 
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Scattered over the surface of the soil about Lindridge, near Ideford, are large 
blocks of a compact siliceous rock, containing much green earth, and many well- 
preserved greensand fossils; they also include rounded pebbles from the harder 
beds of the carbonaceous series. These blocks occur only at this particular spot, 
which is just below the point where a mass of trap (certainly of subsequent date 
to the new red sandstone) is hid by the greensand of Haldon ; they are unlike 
any of the beds to be found in place on either of the Haldons; and judging from 
the change which the trap has effected in beds of new red sandstone, these masses 
present just such a character as would have been produced by the igneous rock had 
it come in contact with the lower greensand, which probably was the case. 

The greensand beds of the Haldons and the Bovey valley are very far from 
containing the same number of species of shells as the Blackdown ; I have, how- 
ever, collected the following species :— 


Exogyra halyotoidea, Sow. Min. Con. 

— conica, Sow. ibid. 

Pecten asper, Lam. Anim. sans Verteb. 
quinquecostatus, Sow. Min. Con. 
quadricostatus, Sow. ibid. 


vol. iv. 
Lima semisulcata, Sow. ibid. 
proboscidia, Sow. Ponswine. 


Inoceramus concentricus, Parkin. Geol. Trans. 


1 Ser. vol. v. Ponswine; Staple Hill. 
grypheoides, Sow. Min. Con. 


Gervillia aviculoides, Sow. Min. Con. 

— solenoides, Defrance, Dict. Sci. Nat. 
Trigonia aliformis, Sow. Min. Con. 

— spectabilis, Sow. ibid. 

scabra, Lam. Envir. de Paris. 
dedalia, Park. Org. Rem. 
excentrica, Park. ibid. 

Pectunculus umbonatus, Sow. Min. Con. 


Stutchburianus, Sow. Geol. Trans. 2 Ser. 


mytiloides, Mant. Geol. South Downs. 


Pectunculus sublevis, Sow. Min. Con. 
Cuculleea carinata, Sow. ibid. 


— glabra, Sow. ibid. 
fibrosa, Sow. ibid. 
Cardium Hillanum, Sow. zbid. 


— proboscideum, Sow. ibid. 

Venus angulata, Sow. ibid. 

— gigantea. 

——- lineolata, Sow. Min. Con. 

— caperata, Sow. ibid. 

sublevis, Sow. Geol. Trans. 2 Ser. vol. iv. 
Tellina inzequalis, Sow. Min. Con. 

— striatula, Sow. ibid. 

Mya leviuscula, Sow. Geol. Trans. 2 Ser. vol. iv. 
mandibula, Sow. Min. Con. 


Auricula incrassata, r. Sow. ibid. 
Littorina pungens, Sow. Geol. Trans. 2 Ser. vol. iv. 
Turritella, n.s., r. 


Serpula filiformis, Sow.* Geol. Trans. 2 Ser. vol.iv. 


Remarkable differences are observable in the above suite, when compared with that contained 
in the rich fossiliferous sand of the hills about Sidmouth, not only in the species but in the condition 
in which they occur. At the latter place, as already described, are beds of shingle, with Serpule and 
large oysters, apparently in the very places they occupied when living, surmounted by beds with the va- 
rious Blackdown species enumerated by Dr. Fitton, facts which would indicate an increasing depth of 


-* The corals of the greensand of England have not been described: none are enumerated in Dr. 
Fitton’s valuable table. Large branched Cyathophylla abound in the greensand of Sidmouth ; they are 
numerous in that of Haldon, together with Astrea elegans, A. escharoides, Retepora clathrata, Eschara. 
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water over that particular spot. The mollusca so abundant there, are altogether wanting in the Haldon 
beds, which contain conchifera of littoral habits, mostly broken and water-worn. Nor, in a very large 
collection have I a single specimen with the valves united, and very few even perfect. 

The greensand beds of the Bovey valley, owing to their covered condition, have as yet afforded fossils 
from only a few localities, indicated in the foregoing table, and the species are few in number. The 
Orbitolites, which occur sparingly on Haldon, are exceedingly numerous in beds below Lindridge Hill, 
forming by themselves layers of some thickness ; the same beds contain Orbicule. - 


§ 3. The New Red Sandstone.—This formation presents, in a direction from east 
to west (see map, Pl. XLI.), the following obvious divisions :— 
Ist, Marls, containing gypsum in the lines of deposition ; and extending as far 


as Sidmouth. 
2ndly, Sandstones, as between Sidmouth and Dawlish. 


3rdly, Shingle and conglomerate. 

It is almost unnecessary to observe, that these divisions are not separated by any 
distinct lines, but that they gradually pass into each other. In general the con- 
glomerate increases in coarseness towards the western edge of the deposit. 

This formation has been so fully described in the ‘‘ Outlines of the Geology of 
England and Wales,” Chapter IV., that a few observations as to the mode of its 


accumulation is all that it seems to require here. 


The rocks which supplied materials for the formation of the conglomerate, are mostly such as are found 
in the immediate district, consisting of slate, limestone, porphyry, carbonaceous grit, greenstone-trap, 
and altered shales. Some of the blocks are much water-worn, as the limestones generally towards the 
edge of the deposit; but taken within its area, as in the cliffs of Teignmouth, they are subangular. 
It will be found too, that along the boundary-line the conglomerate partakes of the nature of the 
rocks in the immediate vicinity; as for instance, limestone blocks predominate in the beds facing 
Marychurch, Barton, Kingskerswell, &c., a circumstance in strict accordance with what was noticed 
respecting the present sea-beach. In some more central places, on the other hand, the body of 
water which distributed these conglomerates appears to have set in a constant direction; for the blocks 
of porphyry, which, from similarity of character, must have been derived from one source, have a linear 
arrangement, as may be seen along the Haldons, especially up the Combe Valley ; and, tracing this line 
down to the sea, we find them occupying the whole vertical thickness of a lofty cliff east of Teignmouth. 
From the inspection of a very large collection of specimens, I feel confident that these blocks have been 
derived from the great sheet of porphyritic matter, of which portions still remain, én situ, at the north extre- 
mity of Great Haldon and other places ; so that we are moreover informed as to the direction in which the 
materials moved, and the prevailing set of the water which transported them, just in the same manner as we 
now find oolitic rocks travelling eastward, and mixing with the chalk-flint shingle of the coast of Sussex, 
but know, that we never meet with a single fragment of that series mixed with the older materials on the 
beaches or bed of the sea to the west. If the conjecture be correct as to the source from which the 
porphyritic blocks were derived, from the known fact that they occur in particular places throughout the 
entire thickness of the deposit, as in the cliff already noticed, we arrive at another unavoidable inference, 
—that some portion of the porphyritic mass was not covered up, but was so situated as to be exposed to 
constant destruction throughout the red sandstone period; whilst it will be seen, in the notice of this 
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porphyry, that in other places, after having supplied some materials, it became buried under the sand- 
stone. We thus appear to have ascertained, for one point at least, the limit of the waters of that par- 
ticular period. Other considerations would seem to point out, that in some places the existing limits 
are nearly the original ones, such as the gradually decreasing thickness of the sandstone beds westward ; 
the local character of the deposit in some places already noticed ; the manner in which it terminates 
abruptly at the base of limestone cliffs, as near Wotton ; and where it follows depressions caused by old 
disturbances in the slate rocks, as at Bowbridge. 

This formation is distinctly stratified throughout, and it is well known that from Babbacombe to 
Sidmouth, a distance of twenty miles, the sea-cliffs are entirely composed of it, and that it finally 
disappears beneath newer formations a little beyond Axmouth, about nine miles farther east. Along all 
this line the strata dip at a slight angle towards the S.S.E.; in one place only, on the south side of the 
Teign, is the inclination reversed, and for a short space the beds are horizontal. Now if we suppose, as 
has been done, that the order of conglomerates, sandstones and marls is constant throughout this forma- 
tion, the one carried beneath the other with the same relative dimensions that may be observed in any 
given section, and if we attempt to estimate the total thickness of the deposit, deduced from the mean 
angle of its dip, we obtain a result which at once shows that such a supposition must be erroneous, viz. a 
thickness of little less than five miles for the deposit at Axmouth. 

There is no reason why the divisions of the new red sandstone should be considered as members of an 
ascending series, although the sandstones seem to overlie the conglomerates, and in turn to be covered 
by the marls, as, in so doing, we tacitly admit a mode of accumulation very different from that which is 
at present effected by large bodies of water. Successive additions now take place, as we have seen 
(p. 435), over every part of the bed of the sea simultaneously, wherever particles of matter are carried ; 
and the distribution of the conglomerates, sandstones and marls, the finer sediment occurring at the 
greatest distance from the western boundary of the formation, show us the manner in which the deposi- 
tion of the whole series could proceed contemporaneously. 

If we take the coarseness of the conglomerate as a measure of the forces which produced it, and compare 
it with the effects of the action of the waves of the actual sea upon the very same mineral masses, we shall 
see no reason to call in the aid “of a stormy and disturbed period, agitated by perpetual convulsions.” 
Such a state of things could never have existed. All the laws by which the stability of large masses of 
water are maintained must have been in operation during every period,—waves, propagated by whatever 
cause, must have had their limits confined by the same laws as regulate them now; nor is a con- 
trary supposition at all necessary, as no masses occur in the new red conglomerate which exceed in size 
such as, during every gale, are removed by the waves on our own coasts. The largest porphyritic blocks 
which fall from the cliffs east of Teignmouth are soon transported away; and the conglomerate of the 
raised marine beds of Hope’s Nose is as coarse as any that occurs in the new red conglomerate series : beds 
of conglomerate, of whatever age, indicate the action of breakers and an inconsiderable depth of water. 

The arenaceous beds of this series, as west of Sidmouth, present ripple-markings on their upper sur- 
faces, and this beneath 200 feet of the deposit in a vertical line. It has been supposed that these 
markings may be produced under any depth of water, but perhaps erroneously, from the well-known 
tranquillity which prevails over the bed of the sea, even at the inconsiderable depths to which divers have 
descended ; the castings of worms are also beautifully preserved over the same slabs of sandstone,—a 
circumstance, coupled with the former, which would seem to indicate that a gradual encroachment of 


the sea, or a slow subsidence of its bed, accompanied the accumulation of the deposit in this part of 
England. 


The bright red colour of the formation, particularly the South Devon portion of 
it, has not been satisfactorily accounted for. The colouring metals are iron and 
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manganese, but the latter only in a small proportion ; and it may be some help 
towards the solution of this point to mention, that wherever limestone blocks and 
pebbles occur (as about Teignmouth), the materials which surround them are not 
coloured. Now either the whole mass was red throughout, and the colour of the 
portions in contact with the limestone subsequently discharged, or the colour must 
have been at some time subsequent to the accumulation of the deposit imparted to 
all the mass, except to such portions as happened to be in contact with fragments of 
limestone; the latter supposition seems most reasonable. If we examine the coloured 
portions, we observe that each particle is coated with a thin pellicle of peroxide of 
iron: now as this could not have been held in solution by the water which collected 
the materials, we must suppose that the conditions under which they were sub- 
sequently placed, favoured the conversion of the iron contained in the abraded 
porphyritic rocks, and at first only mechanically disseminated throughout the mass, 
into colouring matter for the whole of it, with the exception already noticed. 


A jointed structure, the joints having a constant direction, is not distinctly marked throughout all 
portions of this formation, and the nature of the deposit does not admit of its being observed as easily 
as in some other rocks; yet lines belonging to a system of joints may occasionally be traced even among 
the conglomerates, as beneath the Ness at Teignmouth. 

Near Sidmouth these divisional lines are particularly well marked, and may serve as a general 
illustration. 


| Fig. 7. 
" | 


Jointed and Cleavage Structure, New Red Sandstone near Sidmouth. 


The above diagram represents a ground-plan of rocks of fine-grained fissile sandstone, exposed at low 
water, and exhibits six lines of joints (a to f), ranging 1° 30! west of true north, at intervals of 
21 ft., 12 ft. 6 in., 23 ft., 1 ft. Gin., and 24 ft. The strike of the beds is marked by a seam of sulphate 
of lime x, running N.W. and S.E., and the other lines parallel to this are those of the partings of the 
lamine. 
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Fig. 8. 


Jointed structure, New Red Sandstone near Sidmouth. 


Fig. 8. represents the north and south joints, at the intervals of 12 ft., 14 ft. 8 in., 18 ft. 10 in., 2 ft. 6 in., 
and 12ft. These two plans, taken only a short distance apart, give the divisional structure of the de- 
posit. Now the dip of the beds is N.E., but from the direction of the coast at this particular place, 
the east inclination only is seen, and consequently only one set of joints, viz. the north and south, can 
have their vertical course observed. It fortunately happens that every one of these north and south lines 
can be traced to the foot of the cliffs, and are there seen to meet other lines which traverse the entire 
thickness of the deposit. The direction of these lines is from vertical to 8° or 10° E. ; it necessarily happens, 
therefore, that such lines, if prolonged, must approximate or cross, which accounts for the various 
distances observed upon the beach between the north and south lines. Hence it is evident that the new 
red sandstone is structurally composed of octohedral masses, having their major axes much extended 
through the thickness of the deposit. At the point where fig. 7. was taken, there is a subsidence of a few 
inches to the west. 

Guided by analogy, geologists have concluded that the jointed structure of sedimentary rocks has 
been superinduced by the agency of heat, and if the divisional lines of the new red sandstone have been 
so produced, the same agent would account for the other phenomena. ‘The depression of the new red 
sandstone so as to admit of the accumulation above it of the whole of the cretaceous and tertiary series, 
placed it under conditions of temperature quite adequate for the purpose ; for, from the decomposition of 
the water which the rocks would naturally contain, the oxygen would enter into combination with the 
iron, so abundant in the deposit, and form a peroxide, except where, the same causes producing a decom- 
position of the surface of the limestone fragments, a carbonate of iron would result; the quantity of the 
carbonic acid overcoming the stronger affinity of the iron for the oxygen. 


At the southern extremity of Great Haldon, near Ugbrook, also in the valley of 
the Teign, the neighbourhood of Torbay, and everywhere along its western outline, 
the new red series rests on the edges of the older carbonaceous or graywacke rocks. 
About Newton, between Berry and Torquay, and between Newton and Totness 
(Bowbridge), conglomerates and sandstones of this age fill deep valleys, as if the 
slate rocks had presented great inequalities of surface before the newer formation 
was superimposed. 
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Their association with the porphyry of Exeter, &c., will be noticed under the head 
of the Igneous Rocks (posted, p. 470). 

The absence of organic remains in this deposit is very general, nor has any ex- 
ception yet been noticed in the great mass which occurs in South Devon, though 
it presents every variety of mineralogical character. An abundance of peroxide of 
iron has been stated to be unfavourable to their preservation, but in many places, 
as near Exminster, the deposit presents thick beds of yellow sands, which are 
equally deficient in animal reliquiz. The fossil castings of worms, already noticed, 
to be seen near Sidmouth, Exeter, and other places, are the only indications that 
animals of any sort existed ; but to this we may add, that the upper surfaces of the 
slabs of sandstone in the cliffs west of Sidmouth present straight irregularly 
branched bodies, and sometimes of considerable size, composed of fine-grained, 
compact sandstone. They can be easily removed from the slab in which they lie ; 
and if of vegetable origin, no structure is preserved, as in the fossil wood of the 


greensand. 
Carzponacrous Deposits. (Map, Pl. XLI. Sect. Pl. XLII. Figs. 2, 3, 6, and 8.) 


In a communication to the Geological Section of the British Association, at the 
Meeting in August 1836*, Prof. Sedgwick and Mr. Murchison first separated 
from the older rocks of the West of England certain deposits which eonstitute an 
extensive portion of North Devon, presenting a very peculiar mineralogical charac- 
ter, and to which, from the abundance of terrestrial vegetation contained in a par- 
ticular portion, they gave the name of culm deposits. In a paper I read to the 
Geological Society in March 1836+, I noticed certain conglomerate and sandstone 
strata, exhibited in Ugbrooke Park, near Chudleigh, and other adjacent places, and 
which I erroneously supposed to be included in .the transition series. In the au- 
tumn of the same year, I pointed out these deposits to Prof. Sedgwick, who con- 
sidered them as a portion of the culmiferous beds of the centre of the county. 

The first point of interest connected with the carbonaceous series in South Devon 
is the position of certain deposits in the neighbourhood of Newton Bushel, and of 
those in Ugbrooke Park above alluded to. Rydon Hill (Pl. XLII. fig. 2.), near New- 
ton, consists, in its upper portion, of black shales and conglomerates, containing 
much disseminated carbonaceous matter and occasional vegetable remains ; so that 
in general aspect and character the deposit differs widely from the slate series of 
the district. It has a very limited range, and has been accumulated on an uneven 
and abraded surface of older rocks. Figs. 9. and 10. (see next page) represent this un- 
conformable position as exhibited in quarries near Newton. On the right of the road 

* See Report of the British Association for 1836, Notices of the Sectional Meetings, p. 95. 
+ See Proceedings, vol. ii. p. 414. 
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to Totness the carbonaceous beds occur on the east side of the great mass of Conator 
limestone ; and on the opposite side they abut against a vertical wall of limestone, 
acquiring considerable thickness, and in the lower portion present the same alter- 
nations of carbonaceous shales with siliceous bands as the culm series of North 
Devon. The pebbles of the conglomerate beds are mostly siliceous, and may have 


Fig. 9. Fig. 10. 


Unconformable position of the carbonaceous deposits (a) to the older rocks (4) near Newton. 


been derived from the quartz veins of the older slates; but in the section repre- 
sented by Fig. 9. the lowest beds are seen to contain blocks of limestone derived 
from the subjacent rock, and mostly angular or but slightly water-worn. The 
unconformable position of this mass can also be observed along the road from East 
Ogwell to Newton, and in the valley near Bradley House. 

The rocks of Ugbrooke Park closely resemble those of Rydon Hill, consisting of 
the same black earthy shales, coarse sandstones, and siliceous conglomerates ; but 
their superficial extent is much greater. They moreover contain pebbles of green 
porphyry, and of a black flinty rock like Lydian stone ; but in the numerous beds 
of this conglomerate which I have examined, I have never detected a fragment of 
granite. Their position, like that of the Rydon deposit, is unconformable, as may 
be seen south of the Lewell stream, near the Chudleigh Rock, and in the sections 
represented in Pl. XLII. fig. 6, fig. 8, E. Vegetable remains may be found in the 
sandstone quarry, by the road leading from Chudleigh to Whapple-well, and in 
Ugbrooke Park generally ; impressions of large Calamites occur also in the Orchard- 
well valley, but not sufficiently well preserved for the determination of the species. 
We may safely conclude, that these deposits are of the age of some portion of the 
true coal-measures of the other parts of England. 

The culm series of Professor Sedgwick and Mr. Murchison undoubtedly passes 
round the eastern side of Dartmoor, and is in contact with the granite as far south 
as Skeriton, a little west of Dean Prior (see map, Pl. XLI.). Along its external 
edge it first rises, about Exeter, from beneath new red sandstone ; near Chudleigh 
its relations to the calcareous masses of the base of Great Haldon are rather ob- 
scure, and such is also very generally the case in its course westward. There can 
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be no question as to the geological position and equivalents of the arenaceous and 
conglomerate beds of Rydon and Ugbrooke, as over the whole of central Devon, 
and throughout the narrow band south of Dartmoor, the argillo-carbonaceous cha- 
racter of the culm series is remarkably uniform, but the mineralogical resemblance 
is not so great as to warrant their being considered portions of one formation. The 
central trough of Devon is believed by Prof. Sedgwick and Mr. Murchison * to be of 
the same age as the South Wales coal-field, on the evidence of mineral character. 
The inquiries of Mr. Lonsdale established the place which the South Devon lime- 
stones should hold in the scale of British formations ; by means of these alone can 
be determined the age of the carbonaceous system. If along the line from Dean 
Prior to the Haldons the culm measures pass beneath the slates and limestones 
to the south, they must have a much greater antiquity than has been assigned to 
them ; but if, like the beds of Ugbrooke and Rydon, they are superior to them, 
they may, as suggested by Professor Sedgwick, be the equivalents of the coal- 
measures. In the north of Devon, along a line extending from Fremington to 
Hockley Bridge, north of Bampton, the carbonaceous rocks pass downwards into 
the older system, which composes the range of Exmoor. At Boscastle, on the 
opposite side of the trough, the coast-section exhibits a similar passage. From this 
point inland, the line of separation is best marked by the distinct vegetation and 
barren tracts of the carbonaceous grit beds; but no good section is to be found of 
the relative positions of the two deposits till we reach Landue Mill, near which a 
road-cutting in 1837 exposed the following section, where the carbonaceous beds, 


Bigs. 1.1; 


Carbonaceous beds (a) resting unconformably on older strata (b) near Landue Mill. 


of inconsiderable thickness, rest unconformably upon slate and shales, very rich in 
fossils: from this point again the junction-line presents no section, though it can 
be easily traced upon the surface, until it abuts against the granite of Dartmoor, 
north-east of Tavistock. 

Crossing the granitic tract of Dartmoor, and in the direction of the line of bear- 
ing of the carbonaceous rocks from the coast, we meet them again about Holne, 
perfectly identical in character and appearance with the beds about Tavistock ; but 
on this side also there is the same difficulty as to sections. On the road from Buck- 
fastleigh, south of Ashburton, to Holne, and in the ascent to Hembury Castle, the 


* See vol. iv. p. 669 et seq. 
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fine fissile slates which compose the base of the hill appear in one place to arch over, 
and the carbonaceous beds set on, at the summit. They occupy a similar position 
from Skeriton to Holne Bridge, where the deep valley of the Dart cuts through 
both deposits nearly at right angles, and we might expect a good natural section ; 
but the strata here are much disturbed by trap, which breaks out along the bed 
of the stream. At the point of junction both rocks are nearly vertical, or if there 
be any inclination, it is in favour of the infraposition of the carbonaceous beds : 
on the north bank, however, and at a very short distance, as near the entrance to 
the woods, they are to be seen dipping gently north, and for a considerable space. 
In the ascent from Ashburton to Buckland the fine-grained fissile slates dip south 
for some distance, till at length they arch over, as in the Hembury section, and 
the carbonaceous rocks set on with a south dip at the crown of the hill. The sec- 
tion at Rew Mill affords little information, but it should be visited by any one in- 
vestigating the structure of the country. At Place, near Ashburton, the carbo- 
naceous rocks, for the first time, come in contact with the great band of lower lime- 
stone, and on the north side of the great quarry they seem to rest on its surface. 
From this point they again retreat, and form the high barren tracts known as Ash- 
burton, Ramshorn, and Goodstone Downs. At New Inn, the two rocks are not seen 
in juxtaposition, but at two points not very distant the carbonaceous beds are either 
horizontal, or have a gentle northern dip, and the fine slate rock has a steep south- 
ern pitch. 

On the opposite side of the Bovey valley an interesting section was exposed, at 
the time the new house opposite the Chudleigh Rock was built: the excavations 
were altogether in perfectly horizontal carbonaceous shales and sandstones. A well 
was sunk at the same place (Pl. XLII. fig. 6.), and it was then seen, that these 
beds were only about fifteen feet in thickness, resting on the edges of highly in- 
clined claret-coloured slates, dipping in the same direction as the Chudleigh lime- 
rock, and such slates as from Chudleigh to Barton may be seen at several places 
to underlie the limestone. In this section we are reminded of that at Landue Mill 
(p. 459, fig. 11.), and also of the Rydon sections (p. 458, figs. 9, 10.). The breadth 
of slate, which in position is inferior to the Ashburton limestone, and is interposed 
between it and the boundary-line of the carbonaceous rocks, is very unequal ; 
yet if the latter dip beneath the rocks of South Devon, we must be prepared to 
admit, that whilst at one place they are in contact with that limestone, yet, at only 
a short distance, they dip beneath a great thickness of slate, which is undoubtedly 
inferior to that limestone ; besides which, the outline of the carbonaceous rocks 
does not conform to the strike of the slates and limestones. 

The evidence from sections leans towards the priority of the South Devon deposits, 
but it must be admitted that the structure of the country is obscure, from great 
disturbance ; the present elevated position of the carbonaceous beds along the 
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flanks of Dartmoor does not belong to the question, as it is due to the long subse- 
quent protrusion of the granite. 

On the other hand, the limestone of the Ashburton band is exceedingly carbo- 
naceous, containing even seams of anthracite. The sections about Chudleigh are 
undoubtedly obscure, but I have endeavoured to represent the structure of the 
country from Oxencombe, beneath Great Haldon, to the disappearance of the lime- 
stone near Chudleigh Bridge, by figures 8 A. to E, Pl. XLII. Taking as a guide the 
apparent dip of the carbonaceous rocks at one place, they would seem to pass be- 
neath the limestone; but against this is the well-section already noticed, and the 
fact, that where the base of the limestone is exposed, as at Waddon Barton (fig. 8 B.), 
it is seen to have a very different rock subjacent to it, namely, a fine-grained claret- 
coloured slate, like that which underlies the equivalent calcareous masses of Newton 
and Barton. The equivocal appearances along the south base of the Haldons (fig.8 A.) 
are caused by a downcast fault of unequal amount, which has brought the different 
members of two distinct series of rocks into juxtaposition ; and the small patches 
of limestone about Orchard-well, Luton, Colmansford, and Larcombe Bridge, are 
not included masses, but merely portions of a great unconformable band pro- 
truding here and there, owing to the inconsiderable thickness of the shales which 


cover it. 


The mineral contents of the carbonaceous rocks of South Devon are numerous. Tin and copper have 
been found beneath Ashburton Down, where the Owlecombe mine has been long worked ; tin also 
occurs at Ilsington, near which is an old stream-work, and at Christow, seven miles north of Bovey. Lead 
is found in the above-named parishes, and that of Hennock, between Bovey and Christow, contains silver. 
Some beds rich in iron have been worked at Ilsington, and they also contain numerous small garnets; in 
the same rock, but in an altered state, contiguous to the granite, are fine crystals of pseudomorphous 
amethystine, purple and red quartz. The limestone near Oakhampton contains copper in nodules, which 
are compactly imbedded in the rock, and present a radiating structure like the pyrites of the chalk, but 
without their metalliferous appearance ; in the kiln the copper becomes a bright green carbonate. 


Referable perhaps to this period, or more properly to the conglomerates of Ry- 
don and Ugbrooke, is that thick mass of limestone breccia which at Petit Tor 
(Pl. XLII. fig. 1.), east of Babbacombe, is interposed between the solid limestone 
and the new red sandstone. It has been produced at the expense of the subjacent 
limestone, which is much diminished in thickness, and has partaken of a disturb- 
ance which has affected both it and the underlying slate. It was moreover con- 
solidated and again fissured before the formation of the new red conglomerate, from 
which therefore it must be separated. 

The evidence of the age of the carbonaceous rocks deducible from organic remains 
is as yet very meagre. Pecopteris lonchitica, Neuropteris heterophylla, Sphenopteris 
latifolia or acutifolia, with a Cyclopteris, are the only plants I have seen from the 
shales, except the Calamites of Ugbrooke and Orchard-well, which I cannot refer 
with confidence to any species described by Ad. Brongniart or Prof. Lindley, This 
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Flora, so far as it goes, is that of the carboniferous period. In the black limestones 
occur Goniatites miscolobus and G. crenistria, mountain limestone species. 


SrraTA SUBJACENT TO THE CARBONACEOUS DEPOSITS. 


(Map, Pl. XLI., Sect. Pl. XLII. figs. 1. to 4, 6. to 8.) 


The general arrangement and direction of the older rocks of South Devon can 
be easily ascertained by means of long lines of roofing-slate, chains of lenticular 
masses of limestone, and subordinate beds of trappean matter; and by the same 
means the Devonshire deposits can be connected with those of Cornwall. It was 
on such considerations as these that I proposed the divisions suggested in 1839*, 
and which, though purely artificial, may still be conveniently adopted; they are 
as follows ; but it is hoped that the map, Pl. XLI., and sections, Pl. XLII., will 
render the prolixity of a mineralogical description unnecessary. 

1. Coral limestone of Newton, Barton, Torquay. 

2. A red deposit, chiefly arenaceous, with a slaty structure, and occasional interchanges of fine fissile 
beds, extending from Paignton, Windmill Hill, near Berry Pomeroy, and across the Dart about Sharpham. 
It constitutes also the middle district of South Devon, where it is locally arenaceous, as at Blackdown 
and Morleigh, and it forms the east side of Plymouth Bay, south of the limestone of Mount Batten. 

3. There is a considerable development of limestone north of the above, and which appears to dip 
beneath it : such is the position of all the limestone masses about Yalberton, Berry, and the lower lime- 
stone of the Ogwell country. 

4. Separated from the above by a band of slate, with occasional lines of fine-grained fissile beds fit 
for roofing-slate, is a lower limestone mass and contemporaneous trappean beds, which ranges from 
Staple Hill, by Bickington, Ashburton, Buckfastleigh, and Dean Prior. At South Brent these beds are 
cut off by the granite of Dartmoor, but they resume their course on the opposite side about Newnham. 
They cross the river at Saltash, and are continued through South Cornwall, by Tredinick, Polpever, 
Looe, Fowey, Gorran, St. Michael, and Veryan to south of Falmouth, containing subordinate limestones 
and calcareous slates, with fossils throughout. 

5. A lowest division may contain all the slate-range north of the foregoing. 

Divisions 1, 3, 4, and 5, have a southern dip. The central portion of South 
Devon, which includes the red arenaceous series, presents many undulations. Pro- 
ceeding south the dip of the beds is permanently reversed, and from Kingsbridge 
to the Prawle it is to the north, so that these strata must be considered as the equi- 
valents of that part of the section on the north which rises from beneath the Ply- 
mouth limestone. In both localities are lines of roofing-slate, but limestone bands 
are wanting in the southern section ; this however is in accordance with a general 
fact, that the calcareous masses have a southern dip throughout South Devon and 
Cornwall. 

The rocks of the series above described are well calculated to correct the notions 
of those who would rely on mineralogical character and structere. The age of 
the beds between Stoke Fleming and the Prawle, as compared with the rest of the 
older strata of South Devon, is sufficiently clear ; yet instead of a descending series 


* Geol. Proceedings, vol. iii. p. 123. 
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of clay-slates, of an uniform character and composition, we see them pass from 
clay-slate, through talcose and micaceous slate, to true gneiss—the progressive me- 
tamorphic forms of strata, which are the geological equivalents of the lower part 
of the old red sandstone. 

§ 1. The coral limestones of Newton Bushell, Ogwell, Kingskerswell, Barton, and 
Torquay.—These deposits form so striking a feature in the scenery of this portion 
of the county, and the map, Pl. XLI., so sufficiently indicates their positions, 
that a detailed account of their range and extent is not required. 

The thin calcareous deposits constitute the uppermost portion of the older rocks 
of South Devon, and in most places they are distinctly stratified ; they also present 
two systems of divisional joints, one set of which runs a few degrees W. of N., and 
a cross set S. of E.; locally, however, considerable deviations will be observed, 
some of which are given in the following table :— 


Si oe Strike of the Dip of the 
Localities. Range of joints. Hedi, nade! 


Chercombe Bridge 5 - N. 25° E. N. 25° EB. 40° E.S.E. | In three places. 
Do. Second Quarry N. 45° EB. id. id. The same on the 


Ogwell Park id. id. id. other side of the 
id. id. stream. 


. 65° E. 
. 45° E. 


N. 
N. 
N. 
N. 
N. 
N. 


Orchard-well 


Wolfsgrove N. 25° E. | 60° E.S.E. 


N. 45° E. S.E 
Ipplepen 


Another curious point connected with the structure of many of the great lime- 
stone masses of South Devon, particularly those of Brixham, will be noticed under 
the head of cleavage. 

The relations of these large calcareous masses to the subjacent slate rocks is not 
very evident. At Pulser, the shales, at their junction with the base of the Torbrian 
limestone, through a thickness of about two feet, contain small lenticular portions 
of limestone, arranged in parallel lines, which correspond with the bedding. About 
Ogwell (fig. 3.) the limestone sets on, in compact beds, after a few trifling alter- 
nations with shales, and such is very generally the case. 

Although these limestones dip in the same direction with the slate rocks of the 
district, and often at considerable angles, they do not appear to descend with them 
to any great depths, but either to thin away, as at Staverton (as does also the lower 
Ashburton band at Staple Hill), or else to end abruptly downwards, as near Newton 
(road-section) fig. 7. Pl. XLII. and the limestone of Denbury, as if they had been 
formed on a previously deposited mass of sediment, now converted into shales 
and slates. At Bunker’s Hill, near Totness, the limestone, which on the south 
side of the hill dips with the slates composing the central portion, wraps round, 
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and on the north side is inclined to the north, or conforms to the slopes of the hill. 
There is no ambiguity here respecting the stratification of the limestone, as it is 
made very apparent by alternating seams of good anthracite, though cleavage 
planes dipping south also traverse both limestones and slates; the Dartington 
limestone, at its west extremity, pitches down on the edges of the subjacent slate. 
The limestone of Yalberton, though it has all the appearance of being included in 
the grauwacke series, is found, when traced towards the Dart, not to dip with the 
slates and sandstones exposed in that section, but to have thinned away on the 
surface close to the village of Stoke Gabriel. In the same manner the great cal- 
careous mass of the south and west of Torbay terminates in inconsiderable beds of 
shaly limestone, along an E. and W. line from Galmpton Creek towards Brixham, 
by Churston Ferrers, and of which there is a good section at Galmpton. 

The termination of the great calcareous group of S.E. Devon, where it is ex- 
posed in the coast-section at Sharkham Point, is represented in the accompanying 
woodcut. 


Termination of the limestone group (a) of South Devon, at Sharkham Point. 

Along their N. and W. edges these limestones set on, either as a capping to the 
slate, when they often present a wall or low escarpment to the north, or they rest 
against the south slopes of the ridges and low hills of slate, as at Bradley ; they then 
dip with the slope, but carry the edge of each constituent bed of limestone to the 
level of the crest of the ridge of slate. ‘This is perhaps the most remarkable fea- 
ture of these masses, and may be seen about Denbury and East Ogwell: whatever 
the angle of dip may be, or however far the succession of beds may be carried 
on, in a given linear direction, the upper surface forms a table-land. It is also 
the case with the lower limestone of Ashburton and that of Plymouth. An ob- 
server has only to ascend one of the higher slate hills in the vicinity of any of 
these limestone masses to be assured of the fact here mentioned, and which serves 
to connect all our limestone masses by one common feature. 

Any inquiry whence so large a quantity of calcareous matter was originally derived, though a ques- 
tion of much geological interest, would be irrelevant in a mere local description ; but it may be observed, 
that both in North and South Devon the existence of limestone appears in very many instances to 


have depended on subaqueous volcanic disturbance, as it is interstratified with beds of compact and 
ashy trap: thus the rock quarried at Leny near Launceston is a vesicular hornblendic mass, largely 
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impregnated with calcareous matter; and beds of contemporaneous trappean ash run parallel with the 
limestones from Launceston to Oakhampton. In South Devon the coral limestones are in many places 
superincumbent on great sheets of volcanic materials, with which in some instances, as at North Whil- 
borough, they alternate; and the compact greenstones of South Devon contain a variable, but in all 
cases, a considerable proportion of lime. This association may be accounted for by supposing, either 
that subsequently to such eruptions the waters may have held a greater quantity of lime in solution; 
or that the bed of the sea was altered and placed under conditions more favourable for the production 
of limestone masses. 

Very little personal examination of the principal limestone mass of South Devon will satisfy any one, 
that it has resulted from the labours of Polypi; in other words, existed as a coral reef at the close of 
the transition period. In the parish of East Ogwell each bed is entirely composed of branching corals in 
the positions in which they grew; and in the parish of Denbury the partings between the beds of lime- 
stone are of volcanic sand, which is easily removed, and we then obtain an upper surface studded with 
projecting stars and branches, as perfect as when the sand was thrown upon them and suspended the 
labours of the Polyps. Among existing zoophytes the lamellated and cellulated orders seem to be the 
principal agents in constructing reefs, and their analogues mainly compose the Devonshire limestone. 

The calcareous rocks of South Devon, in their structure, as well as in the position, preservation, and 
grouping of their corals, afford abundant evidence that their production was analogous to that of modern 
coral reefs ; and in their general position they agree with the reefs of the southern hemisphere, where 
the Polyps raise their habitations on the summits or slopes of submarine hills to a level with the surface 
of the water, and hence the table form of land which the limestone masses still preserve. 

A local association of certain generic, and even specific forms is often to be observed ; thus the lime- 
stone of Newton abounds in Cyathophylle and Coscinopore ; that near Chercombe Bridge seems to have 
been almost exclusively constructed by Favosites polymorpha and F. spongites: whilst about Denbury, 
Favosites alveolaris and other allied species are most abundant. 

The organic remains contained in the rocks of South Devon are very numerous, and in beautiful pre- 
servation. A critical examination of a collection of these fossils by Mr. Lonsdale led to very interesting 
results connected with the older rocks of this country, and the rectification of an error as to their age 
and place. The generally adopted opinion at that time was, that the slates and limestones of South 
Devon were of the same age with the slates of the Berwyns and the limestone of Bala. Mr. Lonsdale’s 
correction was arrived at by the only safe guide,—zoological evidence, by which he established, from the 
intermediate character of the forms, between those of the true mountain limestone on one hand, and those 
described by Mr. Murchison in the Silurian System on the other, that the older South Devon limestones 
were the equivalents of those deposits which in other parts of England underlie the mountain limestone. 

The old red sandstone is in general mineralogically different, and sparingly fossiliferous; and until 
the publication of Mr. Murchison’s work, we were but little acquainted with any forms from these thick 
deposits. This work contains descriptions and figures of seventeen fishes, twenty-seven shells, and one 
crustacean, in all forty-five species. It is proper only to state, that of these not one has as yet been 
found in South Devon, whilst, on the other hand, they strikingly resemble such as are contained in the 
arenaceous deposits in North Devon, which underlie the carbonaceous beds, and so far agree in position 
with the old red sandstone of the opposite coast of Pembrokeshire. 

In no other part of England do we appear to have an association of fossil forms identical with those 
of South Devon. In 18391 noticed the occurrence of certain similar forms in the rocks of the South of 
Ireland ; and, guided by the identification of about forty species, I suggested, that in the Rhine and 
Eifel countries (Paffrath, Bensberg, Gladbach, Gerolstein, &c.) there were equivalent deposits*. 

The not adopting, in this memoir, the name “ Devonian” for these deposits, is not owing to ignorance 
of its value as a geological group, but because such a name is at variance with the nomenclature of well- 


* Vide Report of British Association, 1839, p. 69. 
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established groups, and because the beds form only one portion of a great primary fossiliferous series 
for which we already possess materials for subdivisions founded on zoological views, which are preferable 
to geographical ones. 

Though the limestone band of Chudleigh has not had that attention bestowed 
upon its fossils which it deserves, we know enough to place it with certainty with 
the slate and calcareous system of South Devon, rather than with the black lime- 
stone of Lew Trenchard, Trescott, Drewsteignton, &c. The Favosites ? fibrosa, 
which alone forms strata many feet thick, connect it with the limestones of Ashbur- 
ton and Plymouth, where that coral is equally abundant: it contains Stromatopora 
concentrica, in common with all the subordinate bands of Broadhempston, Staver- 
ton, &c. ; Stromatopora polymorpha and large Strygocephali, as do the Ogwell 
beds ; and the Loronema preterita and Buccinum spinosum, so numerous at New- 
ton Bushell. . 

The suite of fossil shells and zoophytes contained in the limestones of Newton, Barton, and Babba- 
combe correspond in so remarkable a manner, that they may safely be considered as one group, formed 
at the same time, and under like conditions ; but the Newton quarry, generally speaking, exhibits the 
specific characters of the fossils much more distinctly than that of any other locality, and it is therefore the 
best place to which the collector can be referred. This quarry has afforded me the following list of species, 
which is two-thirds more numerous than the list above alluded to*, by the addition of the zoophytes 


identified and described by Mr. Lonsdale+, and of the new species of Professor Phillipst and Mr. J. de 
Carle Sowerby §. 


Brontes flabellifer, Goldf. Nova Acta||. 
Calymene Latreillii, Stein. Mém. Soc. Géol.{ 
Sternbergii, Munster, Beitrage.** 
Orthoceras cinctum, Sow. Min. Con. 
ellipsoideum, Phil. Pal. Foss. 
—_—_——- pyriforme, Sow. Silur. Syst.++ 
tubicinella, Sow. Geol. Trans.§ 
— ventricosum, Stein. Mém. Soc. Géol. 
Cyrtoceras armatum, Phil. Pal. Foss. 
fimbriatum, Phil. id. 
marginale, Phil, id. 
nautiloideum, Phil. id. 
nodosum, Phil. id. 
—__——. obliquatum, Pdil. id. 
== ,ormatin, Gold.iis. 
quindecimale, Phil. Pal. Foss. 
reticulatum, Phil. id. 


* Vide Report of British Association, 1839, p. 69. 


{ Phillips, ‘ Palzeozoic Fossils.’ 
j| Nova Acta Acad. Ces. Leop. Cur. Nat. t. xix. 


** Beitrage zur Petrefactenkunde, Heft 1.1839, Heft3. 
tt Abhandl. iber Planuliten und Goniatiten, 1832. 


|| || Letheea Geognostica. 


Cyrtoceras rusticum, Phil. Pal. Foss. 
tridecimale, Phil. id. 
Nautilus germanus, Pil. id. 
Goniatites excavatus, Phil. id. 
globosus, Munster, Abhandl. tt 
serpentinus, Phil. Pal. Foss. § Geol. 
Yorks. §§ 
transitorius, Phil. id. 
Bellerophon hiuleus, Sow. Min. Con. 
— striatus, Bronn. Leth. Geog. |\|| 
Wenlockensis, Sow. Silur. Syst. 
— Woodwardii, Sow. Min. Con. Index. 
Buccinum acutum, Sow. Min. Con. 
arculatum, Schloth. Petref: 4 
———— imbricatum, Sow. Min. Con. 


spinosum, Sow. id. 
Murex? harpula, Sow. id. 


+ Geol. Trans., 2nd Series, vol. v. 
§ Geol. Trans. vol. v. 
q Mém. Soc. Géol. de France, tome i. 
1840. tt Mr. Murchison’s Silurian System. 
§§ Geol. Yorkshire, Part 2. 
4] Schlotheim, Petrefactenkunde. 
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Pleurotomaria antitorquata, Munster, Beitrage. 
— aspera, Sow. Geol. Trans. 
cancellata, Phil. Pal. Foss. 
——————— impendens, Sow. Geol. Trans. 
— monilifera, Phil. Pal. Foss. 
Schizostoma tricincta, Munster, Beitrage. 
Macrocheilus elongatus, Phil. Pal. Foss. (Phasi- 
anella ?) 
Terebra Hennahii, Sow. Geol. Trans. 
nexilis, Sow. zd. 
Turritella abbreviata, Sow. Min. Con. 
Loxonema reticulata, Phil. Pal. Foss. 
lincta, Phil. id. 
Turbo textatus, Munster, Beitrage. 
Euomphalus annulatus, Phil. Pal. Foss. 
: circularis, Phil. zd. 
radiatus, Gold. MS. 
— serpens, Phil. Pal. Foss. 
Nerita spirata, Sow. Min. Con. 
Pileopsis vetusta, Sow. Min. Con. & Geol. Trans. 
Cardium alzforme, Sow. Min. Con. 
—— minax (Pleurorhynchus), Phil. Geol. 
York. & Pal. Foss. 
Modiola sealaris, Phil. Pal. Foss. 
Mytilus Damnoniensis, Phil. id. 
Megalodon carinatum, Gold. Pet. Germ. 
— cucullatum, Sow. Min. Con. 


_. 


Pterinea. 

Avicula texturata, Phil. Pal. Foss. 

? reticulata, Phil. zd. 

Pecten plicatus, Sow. Min. Con. 

Leptena fragaria? Sow. Geol. Trans. 
nodulosa, Phil. Pal. Foss. 
rugosa, Dalm., His. Leth. Suec.* 


Orthis arachnoidea? Phil. Geol. York. § Pal. Foss. 


arcuata, Phil. Pal. Foss. 

——- crenistria, Phil. Geol. York. § Pal. Foss. 
granulosa, Phil. Pal. Foss. 

——- Hardrensis, Phil. cd. 

interstrialis, Phil. id. 

resupinata, Phil. id. 

lens, Phil. id. 

Delthyris cuspidata, (Spirifer, Sow. Min. Con.). 
— distans (Spirifer, Sow. id.). 

hirundo ? (Spirifer, Phil. Pal. Foss.). 


———— microgemma (Spirifer, Phil. Pal.Foss.). 


* Letheea Suecica. 


Delthyris nuda (Spirifer, Sow. Geol. Trans.). 
heteroclita, (Calceola, Defrance.). 
oblata (Spirifer, Sow. Min. Con.). 
plebeia (Atrypa, Sow. Geol. Trans.). 
phalena, vd. concent., V. Buch, Mém. 
Soc. Géol. France. 
= simplex (Spirifer, Phil. Pal. Foss.). 
——_-—— subconica (Spirifer, Sow. Min. Con.). 
—-—— speciosa, Bronn. Leth. Geog. 
unguicula (Atrypa, Sow. Geol. Trans.). 
Strygocephalus ? Burtini, Defrance, Dict. Sc. Nat. 
Terebratula acuminata, Sow. Min. Con. 
anisodonta, Phil. Pal. Foss. 
aspera, Schloth. Petref. 
—___—— bifera, Phil. Pal. Foss. 
————— cassidea, Dalm., His. Leth. Suec. 
———— comta, Phil. Pal. Foss. 
— crenulata( Atrypa, Sow. Geol. Trans.). 
cuboides (Atrypa, Sow. id.). 
————— desquamata (Atrypa, Sov. id.). 
ferita, V. Buch, Mém. Soc. Géol. 


France. 

flexistria, Phil. 

galeata (Atrypa), Dalm. 
hastata, Sow. Min. Con. 
juvenis, Sow. Geol. Trans. 


———_—— Mantie, Sow. Min. Con. 

prisca, Schloth. Petref. 
proboscidialis, Phil. Pal. Foss. 
pleurodon, Phil. Geol. York. & Pal. 


—_—_. 


Foss. 

pugnus, Sow. Min. Con. 
reniformis, Sow. id. 

rhomboidea, Phil. Geol. York. & 


Pal. Foss. 

sacculus, Sow. Min. Con. 

Wilsoni, Sow. id. 

Cyathocrinites geometricus, Gold. Pet. Germ. 
~? nodulosus, Phil. Pal. Foss. 
geometricus, Gold. Pet. Germ. 
Actinocrinites triacondactylus, Mill. Hist. Crin.+ 
Platycrinites interscapularis, Phil. Pal. Foss. 


— 


— 


pentangularis, Mill. Hist. Crin. 

tuberculatus, Mill. id. 
Spheronites ? His. Leth. Suec. 

tessellatus, Phil. Pal. Foss. 


+ Miller, Natural History of Crinoidea. 
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Stromatopora concentrica, Gold. Petref. Germ. 
—— polymorpha, Gold. id. 


Fenestella, Zons. (Retepora, Gold.) Silur. Syst. 


abnormis, Lons. id. 


antiqua, Lons. id. 


Strombodes, Schwergger Beobachtungen, &c. 
vermicularis, Zons. Geol. Trans. 


Astrea, Linn. 
ananas, Gold. Petref. Germ. 
helianthoides, De Blain. 


Retepora infundibulum, Zons. id. —— Hennahii, Lons. 
prisea, Gold. Petref. Germ. 
Lithodendron, Gold. id. 
ceespitosum, Gold. id. 
Amplexus, Sow. Min. Con. 
tortuosus, Phil. Pal. Foss. 
Cyathophyllum turbinatum, Gold. Petref. Germ. 
Cystiphyllum (Cyathophyllum, Gold.), Lons. 
Stlur. Syst. —— 
—_—_—_—_—_—— Damnoniense, Lons. Geol. Trans. es 


— pentagona, Lons. 


Porites, Lamarck. 


— pyriformis, Lons. Silur. Syst. 
Coscinopora, Gold. 

——— placenta, Gold. Petref. Germ. 
Favosites, Lamarck. 

fibrosa (Calamopora), Gold. Pet.Germ. 
Gothlandica, Lam. Anim. sans Vert. 
polymorpha, | (Calamopora) 
spongites, Gold. Pet. Germ. 

§ 2. Red arenaceous slaty strata.—The slate range, subjacent to the coral limestone, 
requires only a short notice, as any description would be purely mineralogical, and 
details of those local variations common to all deposits, have now little interest or 
value attached to them. These slates and shales are remarkably deficient in organic 
remains over wide areas, but productive localities occur in the parishes of East and 
West Ogwell, Denbury, Berry Pomeroy, the neighbourhood of Torquay, and in 
Mudstone Bay. They suggest the notion of slow and tranquil deposition, and an uni- 
form condition as to depth ; while the casts of molluscous and other animals, whose 
most delicate markings are admirably preserved, indicate that the sedimentary matter 
was in an exceedingly minute state. It is only with the red arenaceous portion, which 
often resembles the old red sandstone of Herefordshire, that different conditions are 
required,—such as would produce alternations of conglomerates, sandstones and 
shales. Near Broad Sands is an included calcareous bed, composed of rounded 
blocks of limestone imbedded in a hard matrix ; the blocks show that at this early 
epoch, lime rocks had been formed in some quarter ; but, in the absence of organic 
remains, it is impossible to say, whether they were conveyed from a distance, or 
were derived from some reefs existing in the vicinity. 


vesiculosum. —— 


Although the slates and coral limestones both belong to the same geological period, and were probably 
in many instances contemporaneous deposits, the suite of organie remains of the slate system differs 
widely from that of the-coral limestones, a change, the natural result of the different habits of marine 
animals. Thus the Terebratule, which so swarmed about the reefs where they had the means of fix- 
ing themselves, that we find twenty-three species in the Newton quarry alone, are altogether wanting 
in the slate. The constancy of certain forms to rocks which indicate similar conditions is very remark- 
able ; thus we find the same Fenestelle, Turbinolie, Pleurodyctium problematicum, &e., ranging through 
the whole middle slate district of South Devon and continued into Cornwall ; but it would be impossible 
in a local memoir to enlarge on the subject of the connexion constantly to be observed between the 
mineral character of rocks and the forms of the inclosed organic remains. The large Strygocephali of 
South Devon evidently covered extensive surfaces, as oyster-beds do now, thick strata being entirely 
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composed of their uninjured shells at Chudleigh, Chercombe Bridge, Bradley, and Plymouth ; again, the 
habits of the Calceole are made very evident by the position in which they are found, being inva- 
riably in the thin partings of shale which separate the lower beds of sedimentary limestone. These 
calcareous flagstones probably soon became solid compact strata, to which fucoids attached themselves, 
and among which the Calceole lived. 

The researches of fossil zoologists have hitherto been principally engaged with the forms which the 
calcareous groups of South Devon have afforded; the slate system not having as yet received much 
illustration; whenever this shall be done it will be found that the prevalence of certain generic forms, 
and even a total change in species, are unsafe guides as to relative age ; that though the shells which 
lived about the coral reefs of South Devon, resemble to a considerable extent such as occur in the 
mountain limestone tracts of other parts of England, yet that the slates of South Devon afford fossils 
which suggest comparisons with those from districts described by Mr. Murchison: such and very many 
other conditions must be taken into account before organic remains can be made the framework of an 
order of superposition for the older rocks. 

The few following species, together with many not yet made known or described, will be readily 
found in the slates about Ogwell :— 


Fucoids. Orthis sordida (Leptena), Sow. Geol. Trans. 
Turbinolopsis celtica, Lama. Expos. Méthod.* Leptzna depressa, Dalm., His. Lethea Suecica. 
Cyathophylla. Modiola scalaris, Phil. Pal. Foss. 


Fenestella antiqua, Lons. Silur. Syst. Trochus Bouei, Stein. n. s. 


Pleurodyctium problematicum, Gold. Pet. Germ. 


Cyathocrinites nodulosus, Phil. Pal. Foss. 
Crinoidal stems. 


Spirifer speciosus, var. alatus, V. Buch, Mém. 


Soc. Géol. France. 

aperturatus (Terebrat.), Schloth. Petref. 
Strygocephalus ? (undescribed species). 
Orthis compressa, Sow. Silur. Syst. 


Orthocerata. 

Calymene accipitrina, Munster, Beitrage. 
granulata, Munster, zd. 

—— — levis, Munster, id. 


Sternbergii, Munster, id. 

Asaphus granuliferus, Phil. Geol. York. § Pal. 
Foss. 

Olenus punctatus, Stein. Mém. Soc. Géol. France. 


arachnoidea, Phil. Geol. York. Pal. Foss. 


§ 3. Limestone of Yalberton, &.—The small subordinate masses of limestone in- 
dicated on the map are usually thin-bedded, but they occur in very distinct layers, 
are hard, sonorous, and very dark-coloured. They are also valuable, as they yield 
large slabs, and burn into a good lime, of which much is employed in agriculture 
throughout South Devon: organic remains but seldom occur ; I have seen only 
Stromatopora concentrica or polymorpha. 

§ 4. Lower Limestone of Ashburton.—This great calcareous band of limestone 
closely resembles the foregoing in character and appearance ; it has also much car- 
bonaceous matter in seams, in which respect it is very like the limestone of Bunker’s 
Hill, near Totness ; and in both cases the vegetable matter seems due to marine rather 
than to terrestrial vegetation, as the only impressions I have found are those of 
fucoids. Fossil shells (Brachiopoda) and corals (Cyathophylla) are abundant, but 
the close compact structure of the rock renders it impossible to obtain detached 


* Exposition Méthodique; for the other works referred to, see the titles in the notes to p. 466. 
VOL. VI.—SECOND SERIES. 3P 
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specimens ; the Favosites* ? ramosa, however, appears as plentifully as at Plymouth 


and Chudleigh. 


II. Ienzous Rocks. (Map, Pl. XLI. Sect. Pl. XLU. figs. 1. to 4, and 6.) 
Earliest Epoch. 


§ 1. Interstratified.—The earliest proofs which we perceive in South Devon of 
igneous agency are the numerous bands of hornblendic matter and ashes inter- 
stratified with the older slate rocks. 

In the coast-section at Babbacombe, trap rests on beds of shale; and near the 
level of the sea (fig. 1.), the trap presents a rounded undulating surface, to the 
outline of which other beds of shale conform; but the enclosing strata, neither 
above nor beneath, afford any indications of intrusion, or alteration by heat. 
Limestone shale, succeeded by compact limestone, followed the deposition of the 
trap ; the whole series dipping in one direction, and the disturbances which affect 
this part of the country being clearly of more recent date than the trap. Mr. 
De la Beche, it must be admitted, considers the trap at this place to be intrusive, 
and to be the cause of the dislocations ; but in the numerous instances which South 
Devon presents of undoubted eruptive masses, the mode of association is very 
different. All we have here is a gradual change from one rock into another, which 
cannot be better given than in the words of Mr. De la Beche’s description: ‘‘ The 
trap becomes so altered in its character as it ascends, that the highest portions 
scarcely deserve the name, presenting, where not in contact with the limestone, 
a base that effervesces, contains green specks and iron pyritesf.”’ 

To the west of Babbacombe the beds of trap again rise, and are followed by a 
much more considerable thickness of compact greenstone, which arching over 
forms the hill known as Black Head; and the sea-cliff affords a section of the 
igneous rock with the underlying shales, &c. At Islam Farm this mass of trap, 
much reduced in thickness, is interposed between slates below and limestone above ; 
a similar position is to be observed at Chapel Hill, near Tor Moham, where in 
several places the trap can be traced passing from a bright green hornblendic rock 
into a harsh limestone with seams of ashes. From its very unequal thickness, this, 
and other similar masses, were probably erupted very near the spots at which we 
now find them. 

In the neighbourhood of the little hamlet of North Whilborough, 3} miles west of 
Babbacombe, igneous and aqueous rocks are similarly associated ; the trap putting on 
various forms and acquiring considerable thickness. In some places it is a compact 


* Caunopora of Phillips, Pal. Foss. Cornwall, &c., 1841. 
+ Geol. Trans., 2nd Series, vol. iii. p. 168. 
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greenstone, in others a coarse hornblendic slate, and in both states it alternates with 
shaly limestone at the base of the great limestone mass of the above-named place. 

Another very instructive instance is to be found in the parish of East Ogwell. 
The lowest part of the trappean mass is there compact and crystalline, and rests 
everywhere on slate ; to this follow friable arenaceous beds, occasionally alternating 
with more solid ones, until they gradually give way to shaly limestone, which is 
quickly succeeded by the coral reef-limestone, so thickly developed in this and the 
adjoining parishes. These hornblendic beds swarm with organic remains, chiefly 
Fenestellz, columnar joints of Crinoidea, and shells of Brachiopoda. 

The contemporaneous trap rocks cannot be separated from the intrusive ones 
by inspection of mere hand specimens, particularly should they have been taken 
from the harder beds, for a crystalline arrangement is often as perfect in the one as 
in the other; even their included position, among sedimentary rocks, would be 
accounted for by some geologists (and equally erroneously) as instances analogous 
to phenomena which have been described from the coal strata of the North of 
England. But in addition to the evidence from included animal remains, which 
is not always available, the contemporaneous trappean beds, from having been ex- 
posed to precisely the same conditions with the associated deposits, present the 
same divisional lines both of jointed structure and slaty cleavage, as may be seen 
in the village of Kast Ogwell. (Pl. XLII. fig. 3.) 

Similar contemporaneous trappean beds, the results of subaqueous volcanic action, 
occur at various intervals throughout the South Devon series : and such eruptions, 
occasionally accompanied with sheets of molten matter, and the subsequent disper- 
sion by the action of the waves, as in the recent instance of Hotham Island, suggest 
that they originated by similar events at that distant period; submarine banks 
may thus have been formed where before was deep water, and thus the bed may 
have become suitable for animal life, and fit spots on which Polyps could fix and 
raise their structures. 

§ 2. Intrusive-—The intrusive trappean rocks which the slate region of South 


Fig. 13. 
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Ground-plan of a dyke intersecting slates near West Down, between Ogwell and Ashburton. 


Devon presents are exceedingly numerous, and their eruption has produced very 
3P2 
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decided effects on the physical features of the country. They usually occur either 
at intervals along the ridges of hills, or at the points of conical elevations, in the 
form of protruding masses ; and their injected nature is established by such natural 
sections as that presented at the break in the line of hill through which the Lemon 
stream flows past Holbeam Wood (PI. XLII. fig. 2, Hobbin Wood, Ord. Map, two 
miles west of Newton Bushell), by the alteration which they have produced in the 
rocks which include them ; or again by such horizontal sections as the one given in 
the woodcut, fig. 13, which represents the ground-plan of a dyke to be seen near 
West Down. In this instance it is very evident that the intrusion of the trap was 
subsequent to the time when the slates took their present structure. The whole line 
of the lower limestone band of Bickington affords numerous instances of intrusion of 
trappean rocks amidst slates and limestones ; in the town of Ashburton, and in 
the street leading out to Buckland, is a large quarry in which broken beds are 
visible completely included in the greenstone. 

Wherever the trap produced a conical slate hill (a very common feature), ra- 
diating fractures necessarily resulted ; and wherever these have been of sufficient 
width to allow the trappean matter to ascend to the surface, we have there a central 
mass with radiating branches, proving the fluid state of the injected rock : instances 
may be seen between Woodland and Bickington ; road-cuttings, and other exca- 
vations, alSo expose the terminations of small veins which do not quite reach the 
surface. 


The amount of alteration which the heated trap has effected, varies considerably. At Holbeam the 
dykes have quite obliterated the lines of deposition, and converted the slates into a compact flinty mass ; 
at Bishopsteignton, where we may suppose the beds were originally in a slight degree calcareous, as they 
still retain traces of organic remains, the shales were reduced nearly to fluidity, and changed into a 
red jasper. Flexible asbestus often occurs at the junction of intrusive hornblende rocks with the slates, 
as at Highwick. In very many points also the eruptive trap rocks of South Devon resemble the Ophites 
of the South of France in the general outline of the country, producing lines of conical hills; they have 
been erupted in a fluid or semi-fluid state ; they have possessed sufficient heat to have produced important 
changes on the rocks in contact with them; but they seldom have flowed over the neighbouring surface. 
Near Totness, in the quarry by the side of the Newton road (Pl. XLII. fig. 4.), is an exception ; the 
trap is there seen resting on a dislocated surface of slate and limestone, and at one place the laminz are 
much contorted, as if by the weight and lateral pressure of the trap: another instance occurs at Wear. 

There are two mineral products which have resulted from these hornblendic rocks. Magnesia is 
abundant in those layers of limestone which immediately succeed the subordinate trappean beds; and 
from the large proportion of that earth in all hornblende rocks, we can easily account for its association 
with limestones which were deposited immediately after the eruptions that disseminated so much trappean 
matter in a state of subdivision at these particular places. Again, where great trap dykes have intruded 
among limestones, and long subsequent to their formation, as at Bickington, Ashburton, Bishopsteignton, 
Kitley, &c., the caleareous beds invariably contain magnesia. Manganese is also very abundant in South 
Devon, and great quantities are annually raised. In the majority of instances the metal is found m 
immediate association with masses of erupted trap, and filling the cracks and fissures which resulted 
from its intrusion, as at Denbury, Ideford, &c. The hornblendic are the only igneous rocks which con- 
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tain manganese, and it is found in them from whatever part of the world they are brought. This cir- 
cumstance would seem to indicate that the manganese has been given off by the trap; but the quantity 
of that earth contained in trap rocks has never been ascertained to exceed 0°25, whilst we constantly find 
bunches of metal of great extent and richness associated with dykes of inconsiderable bulk. 


Fig. 14, which was taken from a road-section near Pulser, represents a mode of 
occurrence distinct from the cases already described ; the mass of trap (a) is evi- 
dently intrusive, on account of the broken edges of the slate surrounding it, but 
it was, previously to its protrusion, compact and jointed. There is much trap in 
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Section near Pulser, news of trap and slate. 


the higher parts of the same ridge, which was evidently in a fluid state when it 
reached the surface. All masses in that condition at great depths, may have por- 
tions nearest to the solid crust in various stages of temperature, and some suf- 
ficiently cooled to be solid rock ; so that whenever any disturbance should force 
the liquid mass amidst sedimentary deposits at the surface, portions of the mass 
which had already become solidified below, might also be brought up along with, 
or forced laterally among, such deposits. In this case, a greater amount of dis- 
turbance might be expected than when the entire body of trap was fluid; but at 
Petit Tor is an analogous case, where large angular blocks of limestone have been 
forced laterally into the slate, and have merely crushed the edges of the beds im- 
mediately about them. 


Carbonaceous Epoch. 


§ 1. Interstratified.—Volcanic products are interstratified with the beds of this 
series, in the same manner as in the older slates, presenting analogous minera- 
logical characters and modes of association. The phenomena indeed are identical, 
and prove, that in some quarters, volcanic agents continued in operation after that 
change (whatever it was), of which the character of the organic contents of the 
two deposits is the permanent evidence; being purely marine in the one, and 
partly terrestrial in the other. The broad and frequent bands which are associated 
with the lowest carbonaceous beds along their southern boundary, and which are 
more considerable than any trappean masses interstratified with the older slate 
rocks, seem to indicate that the change was accompanied by even increased vol- 
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canic activity. The contemporaneous trap of the carbonaceous period is however 
more local in its character, as it seems not only to be entirely wanting throughout 
the central portion of the deposit, but also along the northern boundary, among 
beds which in age we must consider to be the equivalents of the southern ones. 
These subordinate trappean beds may therefore be briefly described as ranging 
parallel with the southern outline of the carbonaceous series, and as partaking 
along the north side of Dartmoor of all the flexures and dislocations which the 
intrusion of the granite has produced. Good natural sections are exhibited along 
the course of the Teign, where that river cuts the beds at right angles to the 
strike ; at Crocombe, near Chudleigh, fifteen trappean beds, varying from a few 
inches to several feet in thickness, alternate with black shales, and sections exhi- 
biting similar phenomena may be obtained in many other places. 

§ 2. Intrusive.—Though trap rocks have been erupted among beds of the car- 
bonaceous series, the area occupied by the latter does not present, when compared 
with an equal portion of the older slate system, the same number of instances of 
intrusive masses. Beneath Ramshorn Down, 24 miles N.W. of Newton, are pro- 
trusions of greenstone, and the shales and flagstone are much altered ; at Penwood, 
a little further east, the whole of a conical hill has been converted into flinty jasper ; 
and at Hennock, 14 mile N.W. of Chudleigh, as well as Botter, great masses of 
erupted trap are in contact with, but do not enter the granite. 

The igneous products hitherto mentioned seem to have been exclusively horn- 
blendic, but the close of the carbonaceous period was marked by eruptions of a 
peculiar character, which produced the crystalline rocks of the neighbourhood of 
Exeter. This trap has been so often noticed, that no details respecting its mine- 
ralogical character are here requisite ; it is simply a porphyry, generally red, only 
occasionally green, the base varying in texture from earthy to compact, and con- 
taining large crystals of that variety of felspar which has been made a distinct 
species, under the name of Ryakolite: near Silverton and some other places it con- 
tains a large proportion of mica, and some hand-specimens can hardly be distin- 
guished from dark granite. This rock is seen at the eastern extremity of Great Haldon, 
at Dunchideock Bridge, &c., resting on the carbonaceous shales. It formsa consi- 
derable portion of Pocombe Hill, in which are several quarries ; and on the western 
slope of the hill, the road exposes a good section showing the position of the por- 
phyry resting on the smooth surface of the black shales; dipping as well as at 
the same angle with them: beneath the castle of Exeter, it rests on shales, from 
which place it plunges under the new red sandstone in the direction of Heavitree. 

It has long been a favourite notion, that the lowest conglomerate beds of the new red series originated 


in a disturbed condition of things, and that in some instances, as in the case of the porphyritic rocks of 
Exeter, the true cause of the disturbance was apparent; it will be as well therefore to notice this rock 
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with reference to such views. At all the above localities the porphyry rests on the undisturbed 
surface of the carbonaceous shales. A quarry yielding a very compact variety of the rock is worked 
on the summit of a hill at Western, in the parish of Ide: in this instance (one of those I believe adduced 
in proof of the association of the porphyry with the new red sand formation) the igneous rock would ap- 
pear to rest upon the carbonaceous deposit, of which the lower part of the hill on every side is composed. 
The entire thickness of the porphyry has been cut through, and here, as elsewhere, it rests on carbona- 
ceous shale; a section exhibited ina lane leading down to the stream near Dunchideock Bridge, 
might seem an exception to the above, and place a thick mass of porphyry within the new red sand- 
stone; but I believe it to be the result of a small fault running parallel with the stream, and which has 
let down a portion of the porphyry to the west. As yet, I have seen no unexceptionable example of 
the Exeter porphyry resting on beds of new red conglomerate, but instances are abundant where the 
conglomerate rests on the abraded surface of the porphyry; and it must be remembered that the blocks 
of porphyry which enter so largely into the composition of the lower conglomerates, prove that the por- 
phyry had cooled down into a crystalline mass before the production of the conglomerate commenced. 

It will be seen, therefore, that this rock rests upon carbonaceous shales, and hitherto has not been ob- 
served to cut through them. It is found only in detached masses, placed at very different elevations, owing 
to the subsequent disturbances which have affected the district; and it has contributed largely to the 
sedimentary beds next in sequence to those on which it rests; and these reasons induce us to consider 
the few remaining portions of the rock as evidences of an extensive submarine eruption of felspathic 
lava which took place at the close of the carboniferous period, and long before the production of the 
lowest beds of the Exeter conglomerate. 


The most recent trappean rock, so far as age can be established by association 
with beds of ascertained relative antiquity, is that of Wear. The experienced geo- 
logist is here quickly stimulated to look for those causes which produced the 
masses of crystalline limestone, jasper, and blocks of fused and altered rocks scat- 
tered over the surface of the soil, and built into all the walls, particularly in the 
vicinity of Bishopsteignton. A portion of the erupted trappean matter which has 
caused these appearances has been cut through longitudinally by the road from 
Teignmouth to Kingsteignton. In this section, the mass nearest Lower Wear is 
compact, and traversed by veins of quartz ; about one hundred yards further on, is 
an included bed of hard and splintery slate, about fifteen feet thick ; to the north 
of the road are several quarries, and in one of these the trap rests on the edges of 
limestone. Above Higher Wear included angular blocks of trap first appear, which 
in a short distance become so numerous as almost to form a conglomerate cemented 
by atrappean base ; in a quarry at the east end of the section the trap assumes a 
columnar structure, and is very compact. By the map, Pl. XLI., the trap is seen 
to be the axis of a ridge, which has a direction from north-east to south-west ; 
with slates and limestone resting against it on each side. The dyke can be traced 
by Colway Cross up to Rowdown Cross, a little beyond which it enters the new 
red sandstone: in the contrary direction it is just covered by a low rounded hill 
of shale, from beneath which it reappears at the level of the Teign at Clay-cellars : 
and on the opposite bank, owing to a fault in the direction of the valley, it forms 
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a cliff of some elevation. The intrusive nature of the dyke is proved by the great 
changes it has produced along its course: the slates have lost their colour, and are 
either porous or baked and splintery ; the limestone shales have been fused into 
jasper ; the solid limestone has been crystallized to a very considerable distance 
from the dyke ; the new red sandstone has been hardened into a compact mass, 
and the lines of stratification are in many places quite obliterated; but there are 
innumerable vertical fissures, which are coated with manganese. This altered rock 
is quarried above Bishopsteignton, as well as on the opposite side of the dyke, 
above Lindridge ; and its course in the new red sandstone can be carried on by 
several abandoned excavations. 

Certain appearances, such as that of the conglomerate above noticed, seem 
to require for their solution the supposition, that this was a subaqueous erup- 
tion ; whilst the porous vesicular nature of some of the trap would indicate that 
the pressure of water was slight. With respect to the angular blocks contained in 
the compact greenstone, we must suppose that the liquid mass brought up with it 
from below, in the same manner as modern lavas, portions which had become so- 
lidified. 

If the highly inclined position of the beds at Staple Hill, of which the upper 
portion is certainly post-cretaceous, has resulted from the local elevation of the 
slate on which they rest, and this elevation is owing to the great mass of trap 
which the hill contains, we ascertain the age of another band of erupted trap ; and 
there are appearances exposed in a road-section on the opposite side of the same 
hill, on the way up to Ingsdon, which confirm this inference. 


The granite of Dartmoor presents a similar composition and texture over the greater part of its area. 
The principal portion is porphyritic, containing large crystals of felspar, but its constituents vary locally 
in their relative proportions. At one place, near Oakhampton, is a very beautiful white felspathic rock, 
resembling pure trachyte: another form is that in which schorl takes the place of mica, as is the case 
along the edges of the moor, but I know of no spot where the mica is developed in such large plates as it 
usually is in most other extensive granitic masses. Wherever bare surfaces of this granite are ex- 
posed, as along the upper courses of the Teign and Dart, linear veins will be observed, filled with 
compact schorl. They are never very wide, and have the same direction (about east and west), which 
is that of one set of joints, but I have never seen a cross set so filled. There is another set of veins, 
usually much wider than the preceding, filled with matted crystals of quartz and schorl, which evidently 
oceupy cracks opened in the rock after it had become hard and compact; and the growth of the contents 
of the fissure has been by successive additions from the walls on each side, until the two portions met, 
in the middle. Geodes also occur in the granite, lined with schorl, and crystals of quartz. Similar 
cavities have afforded large and beautiful specimens of tourmaline. These minerals give a very distinct 
character to a portion of the Dartmoor granite, which occurs universally along the edges of the mass 
and at various places within the interior, often forming tors, surrounded by a rock of a very different 
composition and appearance. 

The granite of Dartmoor is altogether an intrusive mass; and it was stated by Prof. Sedgwick and 
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Mr. Murchison, at the meeting of the British Association at Bristol in 1836*, that it must have been 
erupted subsequently to the completion of the carbonaceous deposits, as along the northern slope of 
Dartmoor, about Oakhampton, beds of that part of the North Devon series had been greatly altered and 
disturbed by it. The same phenomena occur on the south. At Higher Alway, near Bovey, a branch- 
ing vein of granite of considerable thickness extends a quarter of a mile from the main mass; and an- 
other vein may be seen at Lower Alway. At Ilsington, south-west of Bovey, a small mass protrudes through 
the carbonaceous shales, and the whole line of contact, along the southern flank of the moor, is an 
altered rock. In the upper part of the valley of the Dart, in the Holne Chase, numerous instances of 
granitic veins may be observed in the sides of the roads which have been cut through the woods, and 
the range of several smaller ones may be traced across the road at Ash, above Spitchwick. 

The observation of Prof. Sedgwick and Mr. Murchison above quoted, as to the age of the Dartmoor 
granite, applies necessarily to that schorly portion alone which comes in contact with sedimentary de- 
posits, for the entire mass is not of the same age. Fig. 15. represents a section exposed near Murcheton 


Fig. 1a 


Section near Murcheton. Porphyritic granite (a) intruded among consolidated granite (0). 


and shows the manner in which the usual porphyritic granite has intruded itself among such as had already 
become compact and jointed, and containing schorl ; and other instances occur in the same neighbour- 
hood. Again, this porphyritic and micaceous granite is traversed by elvans of a compact, fine-grained 
stone, presenting no distinct crystallization of any of its constituents, and they have evidently been pro- 
truded posterior to the consolidation of the rocks in which they occur: good examples may be seen in 
the neighbourhood of Lustleigh, about six miles to the westward of Chudleigh. The Dartmoor region, 
like every other composed of plutonic rocks erupted on a great scale, presents fewer facilities for geolo- 
gical observations than inhabited and more intersected districts, but the facts, here noticed, warrant the 


conclusion that it contains granite of three distinct ages. 

In Lower Normandy, on the opposite coast of France, where the geological fea- 
tures present so many points of resemblance with those of the west of England, the 
granite is an intrusive rock, and is generally supposed to be of no great antiquity; 
it is also intersected by trap dykes ; in Devonshire, on the contrary, every dyke is 
cut off by the granite. 

Dartmoor, as a physical region, presents two very distinct features: Ist, the 
great dome-shaped masses, of which Cawsand is the best illustration; and 2ndly, 
the long vertical walls, with lines of ruin and confusion, constituting the wild 
scenery about Lustleigh, and along the road from Bovey to Moreton. Viewed in 
connection with the Cornish masses of erupted granite, Dartmoor is the eastern 


* See Atheneum 1836, p. 612, explanation of Section. 
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extremity of an axis of crystalline rocks, which, graduallydecreasing in elevation and 
superficial importance, extends westward as far as the Scilly Islands. The general 
direction of the axis is about south-west to north-east, and we should naturally 
expect to find, in the undulations of the surface of these erupted masses, a general 
parallelism in conformity with this direction ; such, however, is not the case, the 
whole surface showing north and south lines of hills, valleys and water-courses ; a 
circumstance which suggests that the present outline and configuration of Dart- 
moor are the result of disturbing causes which have acted subsequently to its 
projection. 

The Dartmoor mass of granite may be estimated as occupying about 200 square 
miles of surface: at Cawsand it attains an elevation of 2000 feet, but near Bovey 
it is exposed in the vicinity of secondary, and even much more recent formations 
little above the level of the sea; yet over the whole of this area, there is not 
the slightest appearance that any stratified formations were deposited; its deep 
valleys would certainly have presented some few traces of them, even allowing for 
extraordinary denudation, had the present outline of surface existed prior to only 
the cretaceous series. 

In the study of detritic formations, the identification of mineral fragments be- 
comes of almost equal importance with that of organic remains ; in the present 
instance they afford only negative testimony ; but as, from the absence of volcanic 
fragments in the conglomerate eocene beds of central France, we infer the relative 
age of the volcanic outbursts of that region, so, as no granitic pebbles have been 
found among the various materials of which the new red conglomerate is composed, 
we may conclude, that at the period of its accumulation the granite of Dartmoor 
could not have been exposed, particularly when we bear in mind that the two 
formations are at present separated only by the valley of the Teign. 

The beds of the greensand of the Haldons and the Bovey valley, in the thin 
mica, sharp quartzose crystals and seams of felspar clay, suggest that they may 
have resulted from a decomposed granitic district ; but here again, although frag- 
ments of all the older rocks occur in the conglomerate beds at the base of the 
greensand, granitic pebbles are altogether wanting; nor do we meet with them 
until we arrive, in ascending order, at those superficial accumulations (p. 447) 
which cap the Haldons, when they appear in great abundance, associated with 
rolled flints, and worn like marine shingle. Possibly, then, the rise of the granite 
of Dartmoor in its present form may belong to a period comparatively recent, nor 
would such an inference be at variance with much that is already known: the 
granite of Arran, according to Professor Sedgwick and Mr. Murchison*, is more 


* Geol. Trans., 2nd Series, vol. ii. pl. 3. p. 353, 1828 ; vol. iii. part 1. p. 34, 1829. 
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recent than the new red sandstone, and that of Brora, than the oolites. On the 
Continent, the observations of Elie de Beaumont*, Hugit, Studer}, and Dufrénoy§, 
show that in the Oisans, Bernese Alps, and Pyrenees, the central axes of granite 
must have been in a fluid state since the cretaceous period. In no part of the 
world can any granitic mass be proved to be of great antiquity,—an ancient funda- 
mental rock ; the masses which are now in contact with any of the palzozoic strata 
are all intrusive ; and the granitic eruptions of the S.W. of England may be per- 
haps added to the proofs, already numerous, that this particular crystalline form 
was most extensively projected at the close of the secondary period, and caused 
or accompanied that contrasting condition of surface which the subsequent tertiary 
period must have presented. 

Important changes have resulted in Devonshire from the intrusion of so many 
heated masses among sedimentary rocks, and some of these have been already no- 
ticed. The greenstone trap of Holbeam, Denbury, &c., very constantly obliterates 
the lines of deposition or cleavage of the slates. Fig. 16. represents a case to be 
seen in a quarry near Ogwell, where a great mass of trap would appear to have im- 
parted diagonal lines to the slate. With the assistance of map, Pl. XLIL., all the 


Fig. 16. 
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Slate with oblique structure soi on trap near here 


various intrusive masses of trap will be so easily found by the field geologist, and 
the effects they have produced are so obvious at each locality, that any description 
in addition to what has already been incidentally given in other places, is not 
required. 

Nor are less important changes exhibited in the neighbourhood of the granite : 
carbonaceous shales are converted into black slate ; arenaceous beds become mica- 


* Faits pour servir a |’Histoire des Montagnes de l)Oisans, Mém. Soc. Hist. Nat. de Paris, tome v. 
Mémoire pour servir Désc. Géol. de France, tom. ii.; also Dausse sur la forme, &c., de la chaine des 
Rousses, Mém. Soc. Géol. de France, tome il. p. 125, 1837. 

+ Alpen Reise. 

{ Bulletin Soc. Géol. de France, tome ii. p. 51 et seg., 1831; also Carte Géologique des Chaines entre 
les lacs de Thun et de Lucerne, Mém. Soc. Géol. de France, tome iii. p. 379, 1839. 

§ Mém. pour servir Désc. Géolog. de la France, tome ii. 
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ceous sandstones, earthy hornblendic beds are rendered highly crystalline, as near 
Ilsington, and the associated strata abound with garnets ; the development also of 
mica in beds which previously did not contain any (none occurring at a short di- 
stance) is very common. Some of the projected granite veins, which are usually 
composed of a homogeneous rock, hardly crystalline, terminate towards their 
points in a curious assemblage of plates of mica. 

The old slates have been much altered along the line of the trap dyke near 
Bickington, N.E. of Ashburton, as may be seen where it crosses the summit of the 
high hill between that place and Ingsdon; the slate is also much changed, often 
passing into jasper. Large blocks of a similar altered rock are to be seen between 
Bickington and the bridge along the old road; also about Higher Wear on the 
Teign. These blocks, derived from beds of old slate affected by heat, are in one 
instance collected in great numbers, and of large size, along the summit of a ridge 
of carbonaceous sandstone and conglomerate, particularly at Hestow Farm, near 
Lindridge. 


Cleavage and Jointed Structure. 


Incidental mention has been made of those great divisional joints which traverse 
whole formations in given directions, and which are more particularly observable 
in the slate, limestone, and new red sandstone strata; besides these, the whole of 
the older series of South Devon rocks present what have been termed lines of 
cleavage. 

Our knowledge of this branch of geological inquiry is exceedingly imperfect ; it 
seems however to be generally supposed that the phenomena are due to the agency 
of heat, and an instance has been mentioned (p. 479) in which an intruded mass of 
heated trap may, on a small scale, have superinduced such a structure ; and in 
further confirmation of this view, it will be found, that wherever the general ap- 
pearance of the rocks in any particular spot indicates a greater degree of alteration 
than elsewhere, that there the subordinate lines of roofing-slate show an increased 
number of cleavage planes ; and when we note the very great variation which the 
rocks of the same age may present in this respect, from one place to another at no 
great distance, we see enough to feel satisfied that such a structure can be no cri- 
terion of relative geological age. 

The superinduced cleavage structure of South Devon is as follows. In the south-east portions of the 
county the lines are in the same direction with the planes of deposition, and occasionally coincident, 
as at the Ingsdon Down and other quarries (Pl. XLI.); but very often, when at first sight such appears 
to be the case, a more careful examination shows that one set of lines crosses the other at small 
angles ; and it is this structure which so frequently renders it difficult to procure perfect specimens of 


the fossils contained in those slates: thus the cleavage and bedding of the fossiliferous slates of 
Ogwell would be supposed to conform ; but the cleavage planes are constant, whilst the bedding is waved, 


Geology of the South-east of Devonshire. 481 


so that the agreement is only occasional. Throughout South Devon the planes which have a southern 
dip, and consequently a direction about east and west, are always the smoothest and best; on the 
Newton and Totness road, at Little Hempston, Staverton, north-west of Totness, &c., two planes or 
more may be observed, whilst in the slates N.E. of Plymouth there are as many as four systems of planes, 
all distinct from that of deposition. 

This structure is not confined to the slate rocks, the cleavage planes passing equally through the sub- 
ordinate bands of the contemporaneous hornblendic beds, as at East Ogwell (Pl. XLII. fig. 3)and Datton 
Mill; and affecting also masses of limestone of vast thickness, as about Gatcombe, two miles N.E. of 
Totness, and Bunker’s Hill, where it is often difficult to ascertain the bedding in consequence of the more 
strongly marked lines of cleavage. 

Many facts illustrative of the jointed and cleavage structures may be collected in that part of Torbay 
where the slate rocks come down to the coast between the limestone and new red sandstone. 

The great limestone masses about Brixham have similar cleavage planes, cutting through their entire 
thickness with striking regularity (fig. 17.) ; the bedding here being also very distinct. This structure is 
not confined to the old rocks of South Devon, nor is it any proof of their priority, as they do not alone 
afford roofing-slates. Throughout the carbonaceous series, slate-quarries are very numerous, but in no 
instance that I know of, are they worked parallel with the bedding. In a large quarry near Lew Trench- 
ard, roofing-slates alternate with coarse flagstones (fig. 18.); the latter subdividing parallel with the 


Oblique cleavage planes in roofing-slate (a), and horizontal 
in coarse flagstone (4) near Lew Trenchard. 


Cleavage in limestone near Brixham. 
planes of deposition, but the intermediate slates cleaving at a high angle. The contortions of this 
series of deposits are so constant and extraordinary, that illustrations of every possible position of the 


Fig. 19. 


Cleavage planes in arched strata near Yealm Bridge. 


plane of cleavage, with relation to strike and dip, may be found often in a single quarry. The wood- 
cut (fig. 19.) represents a section across the large slate-quarry near Yealm Bridge, at the back of Wer- 
rington Park, worked in arched beds of the carbonaceous series, and where the cleavage planes obviously 
conform to the lines of deposition at one place, and at another, within a very short distance, cut them 
at right angles. The older series of deposits which rise from beneath the carbonaceous beds on the 
north, if followed along the coast-section, exhibits the very striking fact of cleavage planes, with one 
constant angle and direction, cutting through strata of various mineralogical characters and most curi- 
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ously contorted. The greatest amount of disturbance is to be seen in Morte Bay, where the bedding also 
is apparent, as well as the order of deposition of each stratum by means of lines of organic remains. 
Fig. 20. exhibits the manner in which these planes pass through some arched strata near Ilfracombe. 
Most generally, the strike of the cleavage agrees with that of the beds, as in the older series just alluded 
to; but it will be found, that as soon as the carbonaceous deposits set on, as at Fremington, this strike 
alters and makes a small angle with that of the bedding: so also with the fossiliferous strata of South 
Devon; where, though the two lines of strike often coincide, they will yet be also found at various 
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Section of cleavage planes passing through bent strata near Ilfracombe. 


angles to one another, and instead of dipping with the beds, to have an opposite inclination ; in fact, the 
superinduced structure is everywhere much more strongly pronounced than the original one of deposition ; 
and it pervades districts over which all order of accumulation is wanting, or more probably was never 
marked at all ; so that the greatest caution is constantly required. There can be no question, that through- 
out large districts the cleavage lines have been given as those of stratification ; such indeed was the case, 
only a very short time ago, with the whole of the Exmoor group: and calculations were made from 
these observations, which gave a thickness to some of the deposits entirely at variance with the condi- 
tions under which those strata were formed. 

The few foregoing observations tend to show, that this remarkable change in the 
arrangement of the particles has not extended, in this part of England, to any beds 
higher than those of the carbonaceous series ; and that it was superinduced subse- 
quently to the disturbances which produced the contortions in all the older strata 
of Devon ; and again, with reference to a given geological epoch, we know, from the 
materials in the lower conglomerate beds, that the process, as just stated, had been 
completed before the commencement of the new red sandstone formation ; but 
there are also fragments in the Ugbrook strata which were derived from rocks pos- 
sessed of a slaty structure ; and the limestone blocks in the lowest beds of carbo- 
naceous deposits at Rydon show that the limestone generally at that early time had 
its present crystalline, jointed structure. 


Faults, Fractures and Dislocations of the Strata. 


These phenomena are so familiar, that they require neither representation nor 
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description beyond the statement whether any district under consideration presents 
such appearances, and if so, their degree of prevalence and general directions. 

The whole of the county of Devon may be described as an assemblage of frag- 
ments of deposits, probably once continuous : it does not, that | am aware, present 
many of those vast dislocations which geologists have observed in other parts of the 
world, or even in this country, but the general amount of disturbance is extraor- 
dinary,—every quarry, every range of cliff, every artificial cutting for a road, or 
excavation for a dwelling-house, offering instances in endless succession. The 
vicinity of Dawlish may serve as an example (Pl. XLII. fig. 5.); but as to describe 
in detail the faults of such a district would be an endless task, the following obser- 
vations relate more particularly to the connexion of faults, where such is possible, 
with the phenomena of those disturbing operations which successively placed the 
various rocks in the conditions and situations in which we now find them. 


The surface of the new red sandstone district is remarkable for its undulations and deep combes. 
Many of these, it will be found, as exposed in the deep cuttings on each side of Dawlish, are not the 
result of mere excavation, but of elevation or depression; the angular inequalities, which must, in the 
first instance, have been produced, having been subsequently modified, as well as the hollows filled in 
part with the coarser debris, whereby an undulating outline resulted; and the upper surface never 
indicated the disturbance which can be traced beneath. (Pl. XLII. fig. 5.) At Watcombe, however, 
there is a fault which has evidently been produced since the rounding process was completed over the 
rest of the neighbouring district. The scenery at this place may be briefly described as the result of 
the subsidence of a tract half a mile in length, and less than a quarter in breadth, to much below its 
former level; leaving an open space bounded by vertical cliffs, one of which is of great height. The 
direction of the fault, from the coast inland, is due east and west, the amount of dislocation regularly 
diminishing ; but soundings prove that it is continued with a like course beneath the sea. Should this spot 
ever be submerged, ‘the angular summits of the cliffs would be soon removed ; the larger materials would 
be collected below, in the same way as we now find them in the Dawlish valley, and on its next ex- 
posure as dry land, it would be in appearance a true valley of denudation, corresponding in every 
particular with those of the Sid, Otter, &c. The phenomena at Watcombe are just such as have recently 
been produced at Seton, except that, at the former, the amount of dislocation has been greater. The cause 
assigned for the Seton subsidence does not seem to be supported by concurrent evidence, even should it 
be deemed adequate ; and, with respect to Watcombe, it is altogether inapplicable ; whilst the east and 
west direction common to both, and other considerations, seem to point to some deeper-seated cause. 

It may also be suggested, whether the arched strata at Petit Tor (Pl. XLII. fig. 1.), and the east and 
west vertical cliffs, may not have been produced by the same disturbance which caused the Watcombe 
fault. At the junction of the shales and limestone at Petit Tor, and at the level of the beach, good in- 
stances may be seen of the great pressure the beds experienced when the disturbance took place. 


If the speculation as to the conditions under which the Bovey carbonaceous beds 
were formed be correct, and we couple with this belief the fact of several marine 
and estuary deposits having been raised, we must admit that, within a compara- 
tively recent period, the surface of this part of England was placed at nearly its exist- 
ing level, then at one much lower, and that it has again been raised to its present 
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position. That the amount of oscillation has been unequal on different parts of the 
coast is most probable ; but the greatest vertical movement did not much exceed 
seventy feet, and we may perhaps infer that such tracts as the ancient forest beneath 
Torbay, now permanently submerged, are portions which have not regained their 
former levels. 

The whole of the west of England has experienced similar unequal movements, 
the amount of elevation increasing from east to west. Thus, the raised beds of the 
Dart (Staverton) are much above the level of those of the Exe; and still further 
west, as in Cornwall, they attain a much greater altitude ; and indeed along the 
whole western side of Great Britain, the recent marine beds have their highest 
range. 

The periods of these three distinct relative positions of the land with respect to 
the sea-level (which we must assume to have been constant) may be very distant 
from any historical times, but the forms of animal life were such as apparently have 
occupied this country only a few centuries back ; and though the marine species 
contained in the raised marine beds seem to be few, which is but a negative fact, 
yet they afford no indication of a higher temperature than the present, and possibly 
the inference which I ventured to deduce in the account of these deposits may be 
ultimately established. 

Intimately connected with this particular period, and intermediate between two 
distant faunas, are the marked effects of water moving in a definite direction, 
carrying along with it the loose surface materials, and filling the open fissures and 
cavities with debris. The traces of this action occur only at inconsiderable heights. 

Antecedent to this, was a period when the country had a configuration exactly 
similar to the existing one, but was inhabited by races of animals which indicate a 
more elevated temperature than the present. Of the vegetation of this period, 
which we must suppose to have been different from that of the submerged forest of 
Torbay, not the slightest vestige has yet been found, though the requirements of 
the large Pachyderms would imply that it must have been abundant. 

We know that during the period of those large Mammalia the fissures in the lime- 
stone rocks were open chasms: had they existed in that state whilst the denuding 
process was in action, and which laid bare the very beds traversed by the fissures, 
the latter must have certainly been filled with red sandstone debris ; but, from the 
animal remains contained in the breccias, we learn that the chasms are of later 
origin, and were filled after the whole country had been in the condition of dry 
land for a long period. If we take the fissures of the Chudleigh country as a guide, 
we find that in every instance they have been opened along the lines of joints in the 
lime rocks: thus, the great mass of debris cemented by calcareous matter, which 
crosses the quarry at Chudleigh rock, like a huge wall of coarse masonry, is the 
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contents of a north and south joint, from which the solid rock has been removed 
on each side: the same quarries afford many analogous instances. All the joints in 
a mass of arched limestone near Barton have been similarly opened and filled ; and 
these, as well as all the fissures which are to be found along the base and west 
slopes of the Haldons, as at Orchard-well, Lindridge Hill Wood, &c., suggest that 
the strata must have been subjected to great tension, which caused them to yield 
along the joints as lines of least cohesion. 

The whole period of denudation was probably one of slow emergence and 
gradual abrasion at successive levels ; and that of the formation of open chasms 
towards the close of the same period, when the country reached its greatest eleva- 
tion as dry land. 

Along the entire line of the Haldons just described, there is abundant evidence 
of a great rise of the beds to the east; and the amount of this elevation is best 
ascertained by the relative position of the greensand deposits of Haldon and Bovey, 
which must have been at the same level, and under precisely similar conditions, 
when formed. The height of Little Haldon above the sea at Teignmouth is 890 
feet ; but at least half the thickness of the greensand of the Bovey valley must be 
below the level of the sea, so that there is a difference of 800 feet in the present 
positions of beds once continuous. This elevation took place perhaps slowly, but 
at the same time with that general rise of all the south of England, which happened 
towards the close of the tertiary period ; and it is possible that previous to this 
event the whole was submerged as far as the high lands of the west of England ; 
and I believe it was then that the pebbles of granite, schorl and quartz were distri- 
buted over what are now the summits of the Haldon and Blackdown hills. 

Subsequent to this period of denudation, and under the same conditions with 
the fissures of the limestones, were formed those great fractures along one of which 
the Teign flows as far as Chudleigh, also the parallel valley from Bovey to Moreton, 
and the origin of which was evidently connected with the numerous abrupt move- 
ments that produced the deep valleys in the granitic region of Dartmoor, and which, 
being but little above the level of the sea, can have no great antiquity, as they are 
unoccupied by any sedimentary accumulations. 

The lower part of the course of the Teign, like that of the Exe and many other 
streams, is through a valley of excavation along a line of fault. its course is due 
east and west, and it will be seen that the mouth of the Teign is the only point along 
the coast-section of the new red sandstone formation, where the strata have an 
anticlinal dip to the north and south (Map, Pl. XLI.). Higher up the valley, and 
on the north bank, opposite Combe-cellars, is a fault which for more than half a 
mile, in an east and west direction, brings up the slate in vertical juxtaposition 
with beds of new red sand ; the downcast, as usual, being to the west, but the 
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amount uncertain. Nearer Teignmouth the same fault may be traced through some 
conglomerate beds ; and westward it ranges along the foot of the cliff of greenstone 
opposite Hackney claycellars, by Newton ; and from Bradley to Holbeam Mill it 
traverses a great mass of limestone, in a zigzag course, owing to the rock having 
yielded alternately along its two sets of joints; beyond this it cuts a line of hill, 
consisting of slate with trap dykes: the direction of the hill is diagonal to the 
direction of the fault, which passes through at a right angle, but immediately 
resumes its course along the valley of the Lemon; still further it breaks the band 
of limestone below Bickington, then enters the carbonaceous deposits, and may 
perhaps be connected with some of the east and west faults, which, as at Owle- 
combe, become metalliferous as they approach the granite beneath Rippon Tor. 

At Bickington and along its whole course (see map), the displacement of strata, 
both vertically and horizontally, is very remarkable, the beds on the north side of 
the fault being apparently shifted to the east. 

The faults exhibited in the cliffs of Dawlish (Pl. XLII. fig. 5.) range westward in 
their inland course, and the lower beds of greensand on the Haldons are put at dif- 
ferent levels, by faults having a like direction, and which traverse the superficial beds. 

It appears therefore, that the more recent disturbances had a general east and 
west direction. In the description of the granitic region of Dartmoor it has been 
stated that very many of the lines of hill and valley, instead of conforming to the 
range of the several masses of Cornwall and Devon, have courses from north to 
south ; and many of these lines of elevation extend from the granite into the area of 
the carbonaceous deposits on the north. The Haldon hills are on a line due north 
and south, and the proofs of elevation observable along the western slope have 
already been noticed ; it was this disturbance which also opened the north and 
south joints of the limestone; and, parallel with the Haldons, is the greensand 
escarpment of the Blackdowns. 

The course of the Exe, as low down as the head of the estuary, where it falls 
into another line of disturbance, is along a most extraordinary north and south 
dislocation, which, like the east and west fault already described, has severed beds 
once continuous, and to a much greater extent: numerous faults with the same 
direction range through the Blackdown hills*. 

The character viich principally distinguishes this system of faults, apart from 
direction, is the very great amount of vertical movement which the beds to the east 
experienced ; thus we have seen that the greensand of Haldon acquired an elevation 
of 800 feet above that of the Bovey valley ; and the displacement along the course 

* This system of faults, which affects in a remarkable manner the Blackdown range and adjacent di- 


stricts, was traced out and first described by Mr. De la Beche, in his ‘ Researches in Theoretical Geology,’ 
and subsequently in his valuable ‘ Report on the Geology of Cornwall and Devon.’ 
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of the Exe must also in places be very great. This system of faults, producing an 
upcast to the east, is proved to be referable to the tertiary period, by the beds which 
it traverses ; and the movement was probably attended or produced by those causes 
which converted into dry land what before was covered by water, and imparted an 
uniform elevation to a great portion of the south of England, without reference to 
geological age. 

The condition of things which had so long favoured the production of calcareous 
beds, and had allowed time for the segregation of the layers of flint, as well as the 
slow conversion of the calcareous shells and corals into siliceous casts, was suc- 
ceeded by the partial destruction and removal of the chalk, whilst the uninjured 
state of the flints, which remain in place, shows that the process could not have 
been a violent one. That period of destruction immediately preceded the true 
commencement of the tertiary epoch, during which siliceous sands of considerable 
thickness were accumulated, and those internal changes took place whereby the 
siliceous breccias and grey-wethers were produced. To this again succeeded an- 
other extensive period of destruction and removal ; the whole constituting a suc- 
cession of events which indicate very variable conditions over the same place, and 
imply a long lapse of time. 

The interval between the completion of the older series of rocks and the com- 
mencement of the new red sandstone period must have been very great. The 
early deposits, originally consisting of mud, ooze, or sand, had been placed in con- 
ditions by which great internal changes of structure and arrangement were super- 
induced ; for in the materials which compose the lower new red conglomerate beds, 
we have abundant evidence that when the abrasion commenced from which the con- 
glomerates resulted, the older deposits had passed into the same condition of com- 
pact siliceous rocks, fissile slates, and crystalline limestone which they now present, 

We can never hope to know enough of the rate of increase of deposits at present 
in progress to serve as a guide in the important question of the lapse of time during 
geological periods ; but as accumulations can only proceed pari passu with destruc- 
tion and removal, it is perhaps in the action of breakers and the waste along our 
coasts that we have the most available means of approximating to the vast series 
of years during which our several formations were in progress ; but of the inter- 
vals which elapsed from one to the other we can form no conjecture. 

In certain instances destruction has been local, and evidently exerted over the 
same spot for a long continuance ; thus the limestones of Babbacombe still preserve 
their massive tabular character ; but close by, as at Petit Tor, the calcareous strata 
have been reduced to a few feet in thickness, of which the breccia is all that remains. 

A very remarkable line of elevated strata, with a direction west 30° north to east 
30° south, crosses the west of Devon, from Hope’s Nose on the east of Torbay to 
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Stoke on the north coast of the county ; and all the streams are thrown off on each 
side of the line. The high inclination of the limestone of Torquay and Chapel Hill 
is owing to this disturbance. The same direction is repeated in many places, in- 
cluding the boundary-line of the granite, from near Oakhampton to Botter, which 
runs parallel with it. The most striking line of depression apparently belonging to 
this system of disturbances, crosses the county from Barnstaple on the north to the 
broad estuary of the Exe on the south. ‘The coast section, near the Tor Abbey 
Sands, shows that by this disturbance beds of new red sandstone were thrown into 
a vertical position. 

Again, before the commencement of the new red sandstone period, these older 
strata experienced disturbances which produced an irregular outline of surface, and 
which, even in this limited district, have a very striking parallelism. The line of 
limestone cliff against which the new red conglomerate terminates, from Whiddon 
to Kingskerswell, ranges due east and west, as does the ridge of highly inclined 
limestone which protrudes through the new red conglomerate between Kingskers- 
well and Barton, and which was evidently thrown into its present position before 
the conglomerate strata were formed around it. The other protruding masses, as at 
Compton, Gallowsgate, and above Stanton, indicate the very unconformable con- 
dition of the two formations. Masses of limestone in places skirt the north and 
south edges of the red sandstone areas, as from Bulley Barton to Bowhill, and from 
Marldon to Wickaborough ; and the whole of this portion of the new red sandstone 
area from Tor Moham to Bow Bridge*, as also that from Paignton to Blagdon, 
extend from the coast inland from east to west. The horizontal or slightly inclined 
position of these beds on the edges of the older red slates and sandstones may be 
observed in coast-sections in Torbay. 

Further, the metamorphic rocks from the Start Point to the Bolt Head have 
been elevated along a line due east and west, and this disturbance apparently ex- 
tends westward to the Eddystone rock, which is mineralogically the same with that 
at the Prawle Point. A valley corresponds to this line of crystalline rocks on the 
north, running from Start Bay to Bigbury Bay on the west, and at both openings 
of this valley with the sea, beds of new red conglomerate occur. 

In the north of Devon and the adjoining parts of Somerset the older strata were 
also raised along an east and west line about the close of that period. In Morte Bay, 
where so many curious facts are to be observed, large blocks of igneous rocks are 
scattered over the beach, precisely at the place where the cliffs show that the strata 
have been greatly disturbed and altered. Lundy Island is placed on a line pro- 
longed due west from this point, and as granite here throws up similar beds, it is 


* The relative positions of the slate rocks and new red sandstone beds at this place, as seen in the road- 
section, require an east and west fault of considerable amount. 
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possible that to some extent, both in Devon and Cornwall, granite approached the 
surface during this comparatively early east and west disturbance. Some of the 
blocks on the beach in Morte Bay resemble the red porphyry of Exeter, which 
certainly belongs to the close of the carbonaceous period. 

Parallel to the range of the older strata in North Devon and the west of Somer- 
set there occursin South Devon a line of elevated fossiliferous beds extending from 
Tintagel to Tavistock, and forming the southern boundary of the carbonaceous 
deposits. 

The conditions suggested by the consideration of the great slate system of the 
west of England are those of slow and tranquil deposition, and an uniform condition 
as to depth; and the delicate markings which the casts of the various shells pre- 
serve, indicate the minute state of the sedimentary matter. We can never expect 
to ascertain the amount of dislocation and disturbance which such a system has 
experienced, owing to its uniform mineral character ; but as we know, that in this 
very district, all the newer formations present such phenomena on a large scale, 
and that such disturbances have been propagated from below, the lowest deposits 
should exhibit the sum-total of the disturbances of every geological period. 

The included limestone bands, as at Knowle, Broadhempston, and Little Hemp- 
ston, of which a representation is given at fig. 9, Pl. XLII., will show that with the 
apparent uniformity, the result of cleavage, there may be much disturbance. The 
faults and contortions of the coral limestones may be observed in every quarry, and 
some instances in the neighbourhood of Torquay have been represented in the 
third volume of the Geological Transactions* by Mr. De la Beche. Near Broad- 
sands in Torbay the red slates include a vein or bed, apparently composed of lime- 
stone pebbles ; and though both the ground-plan and vertical section show it to be 
broken and heaved in several places, yet at a short distance on either side, it 
would be impossible to detect the disturbance. 

It has been suggested (see anté, p. 477) that portions of the granite of Dartmoor 
may be of different ages: it certainly has partaken of all the disturbances of the 
district subsequent to those of an early period, with an east and west direction ; and 
the highest portion, such as that of the Cawsand group, seems to occur at the in- 
tersection of two lines of elevation. The trappean bands of the slate system of South 
Devon and Cornwall; their abundance along the north skirts of Dartmoor, interstra- 
tified with beds which certainly were deposited before the intrusion of any granite ; 
the remarkable lines of erupted trap on the south, running parallel with the present 
granitic axis of the county, and becoming less frequent as we recede from it, till in 
the southern slate district they are nearly wanting; and the great porphyritic mass 
of Exeter, at the eastern extremity of the same line, seem to indicate the continuance 
of igneous action along the same line, and through a vast period of time. 


* Pl. XVIII. figs. 3, 4, and PI. XIX. figs. 1, 2. 
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XXIX.—On the Characters of the Beds of Clay immediately below the Coal- 
Seams of South Wales, and on the occurrence of Boulders of Coal in the 
Pennant Grit of that district. 


By WILLIAM EDMOND LOGAN, Esa., F.G.S. 


[Read February 26, 1840. ] 


IN South Wales, immediately below every regular seam of coal, and coextensive 
with it, lies a bed of clay, which is commonly called underclay, underclift, under- 
stone, bottomstone, or pouncing. It is of so peculiar a character, and the miners 
are so well acquainted with it, that there is scarcely one who would not imme- 
diately recognize a specimen of it, and state its position in relation to the coal. 

From several sections made with care in various places, it has been clearly ascer- 
tained that the coal-measures of South Wales, from the mountain limestone up- 
wards, attain in the deepest part the great geological thickness of 12,000 to 13,000 
feet. They contain nearly 100 thick and thin seams of coal, about one half of 
which, measuring a foot and upwards in thickness, have in various places been 
more or less worked, and I am not aware of a single instance of a seam unac- 
companied in any part by this subjacent bed ; indeed so thoroughly is the Welsh 
miner persuaded that the two things are essentially conjoined, that he would as 
soon expect to live in a house without a foundation as to work in a coal-seam which 
did not rest upon underclay. It is very necessary that he should be familiar with 
the material, as it occasionally serves a most important purpose in prosecuting the 
work of a coal-mine; for though there is never coal without a subjacent bed of 
underclay, there is sometimes underclay without superincumbent coal. A seam of 
coal which becomes thinner by degrees will occasionally vanish altogether ; but, after 
a short distance, it will appear with increased thickness, and ultimately regain its 
original dimensions. When a collier, meeting with an irregularity of this descrip- 
tion, perceives the coal disappear, he might find it difficult to know whether he had 
not suddenly come upon a fault completely dislocating the measures, if he had not 
the underclay to guide his course ; and it is only when this fails, that he feels assured, 
the direction of his search must be changed. 

This underclay, as its name imports, is generally more or less argillaceous, but 
it is never without a considerable admixture of sand; and it is always of a fine 
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texture, yielding in most cases a very good fire-clay*. In many parts of the 
coal-deposit of South Wales, it is tough, though not very hard, when fresh cut, 
but on exposure to the weather it slacks, splits, and crumbles into a greyish mass. 
It is occasionally quite black, from an admixture of carbonaceous matter, and is 
then sometimes sufficiently consistent to resist the effects of weather ; and under 
some of the lowest seams of coal between Swansea and the Bury river, it yields a 
hard, durable, fine-grained, siliceous stone, very much resembling quartz rock f. 

It is not, however, by the mineralogical composition that these beds are so 
thoroughly marked, for they not only vary considerably, but many strata oc- 
curring in other parts of the coal-measures, are precisely identical in mineral con- 
tents. The grand distinguishing feature of the underclays is the peculiar character 
of the vegetable organic remains : these are always of one kind (Stigmaria Ficoides), 
and are so diffused throughout every part of the bed, that by their uniform effect 
alone the clay is readily recognized by the eye of the miner. 

The beds, varying in thickness from six inches to more than ten feet, and 
averaging about three, are crossed and penetrated vertically, horizontally, and ob- 
liquely, by a confused and tangled collection of long, slender, fibrous casts, with a 
thin coating of carbonaceous matter. These fibres are sometimes cylindrical, 
though generally flat, and are usually about a quarter of an inch in breadth; but 
they are very often traceable to a junction with a stem or branch, sometimes flat- 
tened, sometimes not, and varying in diameter from about two inches to half a foot. 
From this stem or branch, which is usually of considerable length, and always lies 
in the plane of the bed, but rather nearer the top than the bottom, the fibres radiate 
in all directions, and take such a tortuous irregular course that it is impossible to 
follow any one of them to the natural termination, though it is easy to see that the 
range is very considerable. This fossil, the Stegmaria Ficoides, taking for granted 
that the slender fibrous impressions belong always to it, so completely fills every — 
bed of underclay, that it is not possible to cut out a cubic foot which does not con- 
tain portions of the plant. It is also worthy of remark, that specimens with the 
fibres emanating from the stem or branch are to be discovered only in the under- 
clay. 

It is proper, however, to state, that such specimens, even if they did exist in other 


* It usually makes a good fire-clay when free from nodules of ironstone, which however are generally 
disseminated in great abundance through it. 

+ Not far from Penclawdd, on the Bury river, there is a seam of coal called the Farm Seam, the bed 
beneath which is a grit or sandstone, and I should think sufficiently durable to be used for building pur- 
poses. On first seeing it I was disposed to consider it an exception to the general rule of underlying beds, 
but on breaking it across the plane of the bed I found it penetrated, like all the rest, by the long fibrous 
processes of the Stigmaria, though not quite in the usual abundance. 
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beds, are not so likely to become exposed in them ; whereas the operations of exten- 
sive collieries naturally afford the opportunity of making vast collections from the un- 
derclays ; for when a coal-seam is either throughout or partially too thin to permit 
the excavation of the coal without the removal of some portion of the ground in 
juxtaposition to it, the superior softness of the floor induces the miner to make the 
required cuttings in it rather than in the ceiling ; or when it becomes necessary to 
obviate the effects of a ‘‘creep” in any of the roads, it is again the floor that is 
pared down, and in these and other ways a large amount of specimens in the 
underclays is exposed. Sometimes however the ceiling of one coal-seam is the 
floor of another, and in such instances, if the collector were on the lower bed, he 
might discover above him specimens that would appear to contradict what is above 
stated as a general rule, while it is obvious, an attentive examination of the case 
would only confirm the truth of it. That bare stems or branches of Stigmaria 
have been found in other beds there can be no reasonable doubt, indeed it would 
be very surprising if many such instances did not occur ; for even if the underclay 
were the natural and original site of the plant, specimens must have been occa- 
sionally washed out of their first position and deposited in some superior bed at 
the time of forming. 

The Stigmaria Ficoides is described by all those who have written on the 
subject as the most abundant plant of our carboniferous series; but no one has 
given a fuller account of the localities in which it is found, of the external bota- 
nical character it bears, and of the attitude it generally presents im situ, than Mr. 
Steinhauer in the American Philosophical Transactions ; and his description is so 
applicable to the condition of the plant in coal strata, which for the last seven 
years have been the constant object of my own investigation, that I shall quote a 
part of his description*. (New Series, vol. i. p. 265 et seg. 1818.) 


He says, “It is most abundant in the fine-grained siliceous stone provincially called Calliard and Gan- 
nister, and in some of the coal-binds or crowstones. It is rather less frequent in the beds of scaly clay, 
or clay mixed with siliceous sand and mica; very common but completely compressed in the coal-shales 
or bituminous slate-clay ; of occasional occurrence in the argillaceous ironstone; not rare in the com- 
mon grit and upper thick beds of argillaceo-micaceous sandstone or rag ; and sometimes, though rarely, 
discoverable in the coal itself.’— The most perfect form in which this fossil occurs is that of a cylin- 
der more or less compressed, and generally flatter on one side than the other. Not unfrequently the 
flattened side turns in so as to form a groove. The surface is marked in quincuncial order with pus- 
tules, or rather depressed areole, with a rising in the middle, in the centre of which rising a minute 
speck is often observable. From different modes and degrees of compression, and probably from dif- 
ferent states of the original vegetable, these areola assume very different appearances; sometimes run- 


* Notwithstanding the closeness with which Mr. Steinhauer must have examined the Stigmaria beds, 
the unvarying relation of the coal-seams to them does not appear to have struck him.—March 1842. 
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ning into indistinct rime, like the bark of an ancient willow ; sometimes, as in the shale impressions, ex- 
hibiting little more than a neat sketch of the concentric circles.” 
In speaking of the fibres connected with these centre cylinders, Mr. Steinhauer remarks, “We were 
soon able to detect their remains, forming considerable masses of stone, particularly coal-bind, on Web- 
sey Slack, and at Lower Wyke, where their contorted figures imitate those of Serpule ; but it excited 
much surprise, on examining the projecting ends of some trunks which lay horizontally in a bed of clay 
extending along the southern bank of the rivulet which separates the townships of Pudsey and Tong, 
and which is exposed in several places, to find traces of these fibres proceeding from the centre cylin- 
der in rays through the stratum in every direction to the distance of twenty feet. Repeated observa- 
tions, and the conviction of unprejudiced persons made attentive to the phenomena, compelled the be- 
lief that they originally belonged to the trunks in question, and consequently that the vegetable grew 
in its present horizontal position at a time that the stratum was in a state capable of supporting its 
vegetation, and shot out its fibres in every direction through the then yielding mud. For if it grew 
erect, even admitting the fibres to have been as rigid as the firmest spines with which we are ac- 
quainted, it would be difficult to devise means gentle enough to bring it into a recumbent posture 
without deranging their position. This supposition gains strength from the circumstance that they 
are found lying in all directions across one another, and not directed towards any particular point of 
the compass.” 


Excepting that I never saw a mass of fibres extend to a vertical distance of more 
than seven or eight feet from the centre cylinder, although I believe it may range 
to twenty and more horizontally, the latter part of this quotation describes very 
fairly the general attitude in which every specimen is discovered in the underclays 
of South Wales; and when it is considered, that in so wide a district of country 
abounding in coal, there is not a seam which is not immediately underlaid by a 
bed wholly monopolized by these peculiar vegetable organic remains, it is impos- 
sible to avoid the inference, that some essential and necessary connection exists 
between the production of the one and the existence of the other. To account 
for the unfailing combination by drift, seems an unsatisfactory hypothesis ; but 
whatever may be the mutual dependence of the phenomena, they give us reason- 
able grounds to suppose that in the Stigmaria Ficoides we have the plant to 
which the earth is mainly indebted for those vast stores of fossil fuel which are 
now so indispensable to the comfort and prosperity of its inhabitants*. 


* Jt was in the summer of 1837, when Mr. De la Beche was about to commence his survey of the district, 
that I first pointed out to him the constant presence of the Stigmaria beds beneath the coal-seams of 
South Wales, and his subsequent and more extended examinations have, I believe, fully confirmed my 
own observations. Since then and since this paper was read, I have visited several other coal districts, 
but have found no decided contradiction to any of the facts which South Wales presents. In a tour 
through Pennsylvania in the United States of America, in August and September 1841, I detected these 
beds under the coal-seams of the anthracite regions at Pottsville, Mauch Chunk, and particularly in the 
coal-field of Wyoming, also at Wilkesbarré on the Susquehanna, where I remained long enough to make 
a detailed section across the northern anthracite basin. These beds were, with one doubtful excep- 
tion, very strongly marked, and I saw and touched them beneath upwards of thirty coal-seams, great 
and small, and in several parts of the district widely asunder. From what I learnt in personal com- 
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I have stated (p. 491) that the coal deposit of South Wales, from the mountain 
limestone upwards, attains, in the deepest part, the enormous thickness of 12,000 
feet. It will naturally occur to every one, that the accumulation of such a vast 
amount of material would require the lapse of a great period of time, and as any 
fact which can afford a probable measure of the comparative extent of such a period 
must possess some interest, I shall take this opportunity of mentioning one that 
bears on the subject. 

From the top of a seam of common bituminous coal, about five feet thick, at 
Penclawdd, on the Bury river, I obtained, in the spring of 1833, a small, worn or 
rounded boulder of cannel coal, six inches long, four inches wide, and two inches 
thick. It was almost wholly imbedded in a layer of indurated clay two inches 
thick, interposed between the coal and the regular roof of hard sandstone, and 
which touched the upper side of the boulder. After the discovery of this singular 
specimen, attention was awakened to the subject, and it was found that in the 
quarries excavated in the enormous deposit of sandstone forming Cilfay Hill and 
the town hill range from Swansea to the Bury river, there occur many irregular 
beds of what, from the innumerable pebbles and small boulders of coal aggregated 
in them, may be termed a coal conglomerate. The coal pebbles are sometimes four 
inches in diameter, and are confusedly mingled with sand and pebbles of ironstone ; 
and associated with them have likewise been found small boulders of granite and 
mica slate. Many casts of Sigillariz and other plants, coated with coal, occur in 
the mass ; and the difference in the age of this coal and that of the pebbles is beau- 
tifully illustrated in numerous cases, where the plants have been pressed down on 
a layer of coal pebbles, which, from their superior hardness, have penetrated into 
the plants, and thus the newer and older coal have been brought into juxtaposition ; 
but the crystallization of the former, however distorted the plant may have been, 


munication with some of the gentlemen attached to the geological survey corps of the State, I am per- 
suaded they exist with equal constancy under the coal-seams of the great Pennsylvanian bituminous 
district ; and I was informed by Dr. Rogers, whom I had the pleasure to meet in Philadelphia, that they 
are found in the same relation to the coal in its prolongation in Virginia, with the geological survey of 
which his name is so eminently connected. 

In a visit made immediately afterwards to some of the coal districts of Nova Scotia, and particularly to 
that in the neighbourhood of Pictou, near which the Albion mines are worked, I had an opportunity of 
seeing these Stigmaria beds under upwards of a dozen of coal-seams ; and I was informed by Mr. Poole, 
who superintends the Albion mines, that similar underlying beds exist in the Cape Breton Island coal- 
field, where he formerly managed the Bridge Port and Sidney Mines. 

Since my return from America I have visited coal-seams in the neighbourhood of Falkirk in Scotland, 
and found under them the Stigmaria beds ; I have also evidence that they are in the same way associated 
with the coal-seams of Ayrshire, where they go by the name of “ Fakes”.—March 1842. 
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presents a uniform parallelism in the faces of its cleavage, while the cleavage of the 
older coal is parallel with the sides of the pebbles, which lie in all positions, and 
very often exhibits the form of a rhomboid with its edges and corners rounded by 
attrition. The coal of the pebbles, like that of the regular seams in the neighbour- 
hood, is of the common bituminous kind, but among them have been found two 
small ones consisting of cannel coal. 

The Cilfay sandstones, and the measures at Penclawdd, in which the first-men- 
tioned pebbles were found, form part of the Pennant grit of Mr. Conybeare, and there 
is reason to believe that throughout the whole of this great mass of sandstone, in 
thickness about 3000 feet, there are occasionally beds of coal pebbles. 

I have not seen any of them associated with the lower seams. If none exist, it 
might be inferred that the pebbles in the Pennant grit were derived from them, 
after the coal-beds of the lower measures had been indurated, converted, and 
crystallized. Now as the only beds of cannel coal in the lower measures, to yield 
the pebble found at Penclawdd, are two or three lying about 2000 feet below the 
coal-seam, it follows that the deposit of these 2000 feet must have required at least 
the time necessary to convert vegetable matter into good pit-coal ; and if it is not 
assuming too much to suppose that the deposit proceeded at an equai rate from the 
beginning to the end, six times that period must have elapsed before the accumu- 
lation of the whole coal-field of South Wales was cornpleted. 
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XXX.—Sketch of the Geology of Aden, on the Coast of Arabia. 


By FREDERICK BURR, Esa. 


Communicated by JOHN TAYLOR, Esa., Treas. G.S. 


[Read January 6, 1841.] 


IT is not I believe generally known to English geologists, that we have now within 
the limits of the British dominions perhaps the finest example in the world of ex- 
tinct volcanic action—I allude to Aden, our new settlement on the coast of Arabia, 
where I had an opportunity of spending a short time in the early part of the 
present year. Imperfect as the following description, the result of hasty examina- 
tion, may be, it will still embrace a few principal facts respecting this interesting 
locality, and serve at the same time to direct towards it the attention it so well 


deserves. 


The promontory of Aden is situated about eighty miles eastward of the Straits 
of Bab-el-Mandel, in latitude 13° north ; and it consists of a bold cluster of volcanic 
rocks rising into lofty and jagged peaks, which are connected with the main land of 
Arabia by a low sandy isthmus. The extreme length of the promontory may be 
about six miles, the breadth half as much. The loftiest and most prominent por- 
tions of the whole mass are volcanic, and the lower portions are partly volcanic also, 
but exhibit many beds of consolidated sea-sand, which have been more or less ele- 
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vated above the general level of the ocean. The most interesting portion of the 
promontory is however an immense volcanic crater, which is situated at the ex- 
tremity next the main land, and in the very centre of which the town of Aden 
with the British cantonment stands. This magnificent crater is nearly circular in 
form ; its diameter is probably about a mile and a half, and it is surrounded on 
the northern, western, and southern sides with precipices chiefly composed of 
lava, and rising from 1000 to 1776 feet in height, the latter elevation being that of 
the ‘“‘ Gebel Shunsam,” a lofty range of volcanic peaks, which form the crater’s 
western side. On the eastern side the wall of the crater has subsided or been 
broken down for about half a mile, thus allowing the sea to come almost close 
to the town, and forming a small bay, generally occupied by native Arab vessels. 
Still however the lofty and abrupt island of ‘‘ Seerah,” about the middle of the gap, 
serves as it were to connect the broken portions, and almost to complete the ori- 
ginal circle of the crater. Northward of this great focus of eruption, and ranging 
to the extremity of the promontory, is an immense mass of lofty and jagged rocks, 
all composed of lava. They have indeed much the appearance of a cluster of 
smaller volcanic craters, the sides of which have been washed away to the eastward 
by the action of the sea; but on this portion of the promontory, I was able to 
bestow but a slight and hurried examination. 

The interior of the great crater in which the town of Aden stands, presents 
almost a flat surface, and is not elevated very much above the sea-level, the vol- 
canic orifice appearing to have been filled up so far, partly by the crumbling in of 
the sides, and partly by the matter which may have washed in from the sea. The 
crater itself, though at first sight almost perfect, has manifestly undergone some 
rude shocks, the effects of which are very apparent on examination. It has in fact 
been cleft entirely through in one direction and partially so in another; a great 
fissure ranges across it from north to south, and the two rents formed by it in 
the walls are called the ‘‘ northern” and “‘ southern passes,” the former of which 
being very important in a military point of view, as it affords the principal in- 
gress, is strongly fortified. The western half of the crater stands entire, forming 
the ‘‘ Gebel Shunsam,” which, as already noticed, is 1780 feet in height, and has 
within it a curious ledge of rocks about half its own elevation, which I had not 
time to examine. The eastern half of the crater has evidently undergone a partial 
subsidence ; as it does not rise to more than half the height of the western side, and 
it appears to have separated in two parallel lines at right angles to the great north 
and south fissure. It is on the line of these subordinate fissures, that the sea, as 
before noticed, has broken in, and between them stands the island of ‘‘ Seerah,”’ 
which, although left as it were without support on both sides, has itself very slightly 
subsided. 

While viewing the grand disruptions of this great volcanic mass, which although 
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of commanding altitude and several miles in circumference, has evidently subsided, 
like a cottage undermined by a neighbouring stream or river, I naturally looked 
back to the great catastrophes which had happened on the spot, and endeavoured 
to determine their nature. The volcano itself may probably have been submarine 
in the first place, and successive eruptions may have gradually elevated it above 
the level of the sea. After this its paroxysms appear to have become less violent, as 
otherwise the sides of so vast an orifice might have attained a much greater eleva- 
tion than 1700 or 1800 feet. From the great subsequent subsidence on the eastern 
side, it would appear that in that direction the volcano had been gradually under- 
mined, till at length it cracked from north to south, and the subsidence of the east- 
ern half took place. This enormous mass, however, in subsiding seems to have 
cracked again into three portions by fissures at right angles to the direction of the 
principal movement. The subjoined woodcut will render this explanation more 
clear, and make it better understood. 

Such appearing to be a brief outline of the physical history of this volcano, the 
eruptions of which were probably accompanied by the throwing up of smaller cones 
to the northward, I shall now briefly advert to the various rocks which compose 
the promontory of Aden, and the phenomena they present. The rocks which I 
observed were the following :—A dark brown or chocolate-coloured lava, generally 
of a very cellular texture, which is by far the most abundant rock. It forms all 
the high peaks of the promontory, as the ‘“‘Gebel Shunsam,” the upper part of 
‘* Seerah ” Island, and the bold cluster of rocks at the northern extremity, called 
the ‘‘ Ras Marbel,” and it in many places constitutes the whole mass down to the 
sea level. This enormous accumulation of lava is sometimes, especially on the 
east side of the great crater of Aden, separated in the middle by a very thick bed of 
greenish porphyry, having generally a slightly lamellar structure. This porphyry 
is itself interstratified with red ochreous beds, which occur also between it and the 
lava, and appear to be derived from either decomposed lava, or from showers of 
volcanic matter, afterwards converted into an ochreous clay. Near the “‘ northern 
pass” I observed a curious granular rock, probably a volcanic breccia ; but having 
lost the specimens I collected, 1 am unable to describe it with any precision. Ap- 
parently at the base of all the above rocks, there are in places, especially near the 
“‘ northern pass,” thick beds of slightly consolidated sea-sand, which seem by their 
diagonal stratification to have been drifted by opposing currents, and may probably 
have formed the bed of the sea, when this great submarine volcano first broke forth. 
In the northern part of the promontory, the flat line of coast, between the volcanic 
peaks on the one side and the sea on the other, is evidently merely a raised beach, 
where the loose sea-sand is consolidating into a tolerably compact sandstone, owing 
to the action of a tropical sun upon the calcareous matter of the sand. This for- 
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mation of recent sandstone is further interesting from its inclosing numerous ex- 
isting shells and corals of the adjoining Arabian sea. As regards the stratification 
of the rocks here described, the porphyries and volcanic products have generally 
an inclination of about 15° from the crater, but in some places their position is 
irregular and contorted. 

Independently of the great fissures and lines of subsidence before noticed, the 
volcanic rocks of Aden present numerous and striking examples of dykes raking 
through them like walls, and generally almost perpendicular. These dykes ap- 
peared to me to be chiefly filled with siliceous matter, and to be both harder and 
more compact than the adjoining volcanic rocks. The most prominent and remark- 
able of them is one near the ‘‘ main” or ‘‘ northern pass’; it is several feet wide, 
and has almost the appearance of a vast wall crossing the mountain. Other con- 
spicuous dykes are seen in ‘‘ Seerah ” Island, cutting through both the beds of por- 
phyry and lava. I observed in many places small veins of chalcedony intersecting 
the lava. 

Some pieces of black and green obsidian from the volcanic rocks of this pro- 
montory were kindly given to me by Dr. Malcolmson ; but I did not see the places 
where they were collected, nor learn the circumstances under which they were 
found. The green obsidian is quite glassy in its texture, and in some of the speci- 
mens the colour is very pale. One piece is very interesting, the obsidian itself 
running in small veins to a coarse cellular trachytic rock, and suggesting the idea 
of materials of very unequal fusibility, having been exposed together to the intense 
heat of the volcano, the result being a segregation of the most fusible portions, and 
the melting of them into obsidian, while the adjacent refractory matter has under- 
gone but little change. 

The above hasty sketch of this interesting tract is given as an imperfect outline 
only ; but should this port be abandoned, even these rough notes may become valu- 
able, as no European could then visit this spot. Should, on the other hand, the 
settlement be retained, the present notice may attract the attention of future tra- 
vellers who may have more leisure to examine the promontory of Aden. I would 
remark, in conclusion, that few contributions to geology would be more valuable 
than an examination not only of Aden but of the other volcanic groups, some of 
them as yet hardly extinct, which extend north-westward from that promontory 
through at least the southern portion of the Red Sea. 

Madras, July 1840. 
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XXXI.—On the Teeth of Species of the Genus Labyrinthodon (Mastodon- 
saurus of Jaeger), common to the German Keuper formation and the Lower 
Sandstone of Warwick and Leamington. 


By RICHARD OWEN, Esa., F.G.S., F.R.S., &c. 
[Read January 1841.] 


WHETHER the light-coloured sandstone of Warwick be, as Dr. Buckland con- 
ceives, the equivalent of the German Keuper, or, as Messrs. Murchison and Strick- 
land contend, of the Bunter-sandstein, was a question which awaited the evidence 
of organic remains for its decision. For, notwithstanding the nature and number 
of the lithological characters collated by them, the latter authors do not insist upon 
this as evidence decisive of the accuracy of their views, but are willing to set the 
determination of the question upon the issue of organic remains, nay even of a 
single Saurian. 

‘« Tf it could be shown,”’ say Messrs. Murchison and Strickland, ‘‘ that the fossils 
which we have pointed out as characterizing the upper sandstone, occurred also in 
the lower,”’—“‘‘ and that the fragments of Saurians found in the sandstones of Guy’s 
Cliff and Warwick really belonged to the species peculiar to the Keuper,—then, 
indeed, we should willingly allow that the lower sandstone also must be grouped 
with that formation*.” 

The fossil reptiles which chiefly characterize the German Keuper are of the genera 
Dracosaurus and Mastodonsaurus ; the former belonging probably to the Saurian 
order; the latter being undoubtedly a huge Batrachian, hence originally called 
‘ Salamandroides’ by its discoverer Professor Jaeger. It is the evidence of the ex- 
istence of remains of a species of the same peculiar extinct Batrachian genus in 
the lower sandstones of Leamington and Warwick, that I now propose to lay before 
the Society. 

The genus Phytosaurus, also called Cylindricodon and Cubicodon, is perhaps most 
familiar, by name, to English geologists+, as a Keuper fossil : it is, however, merely 
a nominal genus, being founded on the socket of the tooth of some other reptile. 


* Geol. Trans., 2nd Series, vol. v. p. 345. 
+ From the circumstance of its supposed existence in the Wealden formation. 
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The extremity of the portion of matrix, moulded to the bottom of the socket, having 
been mistaken for the grinding surface of the tooth, suggested, from its presumed 
adaptation to crush vegetable substances, the name of Phytosaurus. One of the 
supposed teeth of this reptile has been transmitted to me by Prof. Jaeger, which, 
upon examination, proves to be a mineral cast. 

With respect to the term Mastodonsaurus, it has been already objected that it 
unavoidably recalls the idea of the Mammalian genus Mastodon, and not the teat- 
shaped tooth assumed to be the distinctive character of the genus which the name 
was invented to express. But there are other and graver objections to the term 
Mastodonsaurus : the rounded and obtuse summit of the crown is an exceptional, 
not a constant termination of the teeth of this genus, for every tooth in the jaw is 
originally, and the greater number are permanently, of a cuspidate and not of a 
mammilloid form. And if the first part of the compound name Mastodonsaurus thus 
conveys a partly erroneous idea of the dental characters of the extinct genus so 
designated, the second element—saurus—is still more objectionable, as being indi- 
cative of a wrong affinity ; since the genus belongs, not to the Saurian, but to the 
Batrachian order of reptiles. ‘The skull, for example, is joined to the atlas by two 
condyles developed from the lateral occipitals, and the bony palate is formed chiefly 
by a divided vomer, supporting teeth. 

Conceiving these objections to be valid for the rejection of the name proposed by 
the respected Palzontologist of Stuttgard, to whose assiduous researches our know- 
ledge of the present most extraordinary Batrachian genus is due*, and believing 
that I have discovered the true and peculiarly distinctive dental characters of the 
reptilian genus in question, I propose to designate it by the term Labyrinthodon. 

With respect to this very characteristic fossil of the German Keuper sandstone, 
it is to be regretted that, with the exception of the teeth, and a fragment of the 
skull determining its Batrachian character, only a few broken vertebre have 
hitherto been found in the Continental formations ; certainly nothing approaching 
to an entire skeleton. 

On the other hand, the reptilian remains in the Warwick sandstone are still 
more scanty ; a few teeth, or fragments of teeth, are the only fossils from which I 
have as yet been able to decide upon the presence of the existence of reptilian ver- 
tebrated animals in that secondary formation. Hitherto no portion of the cranium 
corresponding with that which yields the Batrachian character of the Salaman- 
droides of the German Keuper has been found, and the teeth, therefore, are the only 
fossils on which any comparison likely to solve the question of identity or other- 


* Ueber die fossilen Reptilien, welche in Wurtemberg aufgefunden worden sind. 4to. 1828, pp. 35, 
38, tab. 4 & 5. 
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wise, between the Warwick sandstone reptiles and those of the German Keuper, can 
be founded. 

It happens, however, that the teeth of the so-called Mastodonsaurus or Salaman- 
droides are of a very common and simple form ; they are far from possessing those 
well-marked external characters that enable the anatomist to distinguish at a glance 
the teeth of the Iguanodon or Megalosaurus. 

Of the teeth which have been discovered in the Warwick sandstone, the specimen 
figured in the memoir of Messrs. Murchison and Strickland (Trans. Geol. Soc. vol. v. 
Pl. XXVIII. fig. 8.), and which has been transmitted to me for examination, 
together with other fossil teeth, by Dr. Lloyd of Leamington, most nearly resembles 
the teeth of the Mastodonsaurus, in its conical figure and longitudinal striation ; 
but as these are the commonest characters of reptilian teeth, no weight could be 
attached to them as proving a specific or generic identity, bearing upon a geological 
problem of so much difficulty as the one which attaches itself to the Warwickshire 
sandstones. 

There only remained, therefore, to resort to the test of the intimate structure 
of the teeth in question ; and by the kindness of Professors Jaeger and Plieninger 
of Stuttgard, I have been favoured with some portions of the teeth of the Masto- 
donsaurus Jegeri, from which have been prepared the requisite sections for mi- 
croscopical examination. 

A close similarity prevails in the intimate texture of the teeth of the Crocodile, 
Plesiosaur, Megalosaur, Monitor, and most recent Lacertians, in which the dentine, 
or body of the tooth, consists entirely of the finest calcigerous tubes, radiating, 
according to the usual law, from the pulp-cavity at right angles to the external 
surface of the tooth, which is covered by a simple investment of enamel; and 
from the prevalence in the Saurian order of this, the ordinary structure of simple 
conical teeth, I did not build any very strong hopes of detecting such modifications 
of dental structure in the similarly shaped teeth of the so-called Mastodonsaurus, 
and of the reptile from the Warwick sandstone, as would be sufficiently marked 
and obvious to convince those who might not be familiar with the value of such 
characters, of their specific or even generic identity; but from this fear I have been 
agreeably and unexpectedly relieved. 

The first transparent transverse section of the tooth of the Mastodonsaurus 
Jegeri which was placed under the microscope, and viewed by transmitted light 
with a low magnifying power, presented the singularly complicated structure ex- 
hibited in the subjoined woodcut ; which structure, the anatomist conversant with 
the known modifications of dental structure in the animal kingdom, may well con- 
ceive not to have been contemplated without much surprise. 

It was not, indeed, until I had caused sections of the portions of the tooth of this 
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species of Mastodonsaurus or Labyrinthodon to be made in various directions, and 
had studied them intently at several successive examinations,—comparing the ap- 
pearances they presented with those of numerous examples of the teeth of true 
Saurians, Batrachians, and other animals,—that I at length comprehended the 
nature and principle of the singular cerebriform convolutions or labyrinthic gyra- 
tions which pervade every portion of the tooth of this most remarkable reptile of 
the Keuper formation. 


Fig. 1. 


Part of a transverse slice of the tooth of Labyrinthodon Jegeri, as seen by transmitted light ; magnified 10 diameters. 


A transverse section from the base of the tooth of the Ichthyosaurus gave the 
first clue to the structure of that of the Labyrinthodon. Before investigating the 
latter, I had been accustomed to regard the tooth of the Ichthyosaurus as presenting 
at its base the most complicated condition of dental structure in the class of Rep- 
tiles; but it is simple as compared with the structure which pervades nearly the 
entire tooth of the Labyrinthodon. 

It is scarcely necessary to observe, that teeth vary in structure according to the 
number and disposition of the substances which enter into their composition. 

In the herbivorous Mammalia, as the elephant, rhinoceros, horse, &c., where the 
crown of the tooth consists of dentine or tooth-bone, enamel, and cement, vertical 
folds of the enamel and cement penetrate the body of the tooth, and receive in 
their interspaces corresponding vertical processes of the dentine: the consequence 
of this disposition in maintaining a grinding surface of the tooth, by the unequal 
attrition of the edges of the interblended laminz of the three different substances, 
is well known. 

The pattern, however, in which the folds of enamel and cement are arranged in 
the substance of the tooth in these and other herbivorous Mammalia, although 
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constant in and characteristic of each genus or species, is always more or less ir- 
regular and unsymmetrical in itself. 

There is no instance in the Mammalian class of these folds converging at regular 
intervals from the whole of the circumference of the tooth towards its centre ; such 
a disposition of the external substance of the tooth may be traced at the base of 
the tooth in a few fishes, but in reptiles has hitherto been met with in the fang of 
the Ichthyosaurus alone. ; 

In this extinct Saurian the external layer of cement (for the enamel ceases at the 
base of the crown) is inflected at pretty regular distances around the circumference 
of the tooth towards its centre, the vertical folds being straight and plane, and ex- 
tending into the substance of the tooth to a distance about equal to the breadth 
of their interspaces. These interspaces are occupied by corresponding processes 
of the dentine, which radiate or diverge from the central mass of that substance. 

If we could suppose the tooth of the Ichthyosaurus to be worn down in the living 
animal as far as its complicated basis, then an eighth part of the diameter of the 
tooth around its circumference would present a series of ridges of the denser sub- 
stance converging in straight lines from that circumference towards the central 
pulp-cavity. 

The plan and principle of the structure of the tooth of the Labyrinthodon are the 
same as those of the tooth of the Ichthyosaurus, but it is carried out to the highest 
degree of complication. The converging folds of the external cement, (Cut 1, 5, b.) 
instead of being arrested at one-fourth of the distance from the circumference to 
the centre of the tooth, are continued close to that centre; and instead of con- 
sisting of simple, straight, and plane lamelle, they are bent upon themselves in a 
series of irregular folds resembling the labyrinthine convolutions of the surface of 
the brain. 

The ordinary laws of the complication of dental structure are here, however, 
strictly adhered to, and every space intercepted by a convolution of the converging 
folds of the cement is occupied by a corresponding process of the diverging layers 
of the dentine, and thus is produced the singularly complicated appearance which 
a transverse section of the tooth of the Labyrinthodon exhibits. 

The external longitudinal flutings of the base of the tooth of the Ichthyosaurus 
are much coarser, and more indicative of the converging vertical folds of the cement 
than are the corresponding longitudinal lines on the exterior of the tooth of the 
Labyrinthodon,—a difference which is owing to the layer of the inflected cement 
being much thicker in the Ichthyosaurus. 

The external striz of the Labyrinthodon’s tooth are thus of a nature to attract 
but little attention, and could not have been suspected to be the lines of inflection 
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of a series of vertical folds of the external substance, so extensive and so comph- 
cated as they actually are. 

Accordingly, Professor Jaeger has described the tooth of his Mastodonsaurus 
as being simply longitudinally striated on the superficies, noting where the striz 
terminate, their relative distances, and where they are most marked: the texture of 
the tooth where it was exposed by fracture, he states, as indeed it appears to the 
naked eye, to be an uniform or homogeneous compact mass (gleichformig derbe 
masse), and he concludes his description by stating that the tooth resembles most 
closely that of the Lacerta Nilotica and of some species of Monitor*. 

I may observe, however, that the teeth of those species of Lacerta, Monitor, and 
other Lacertian genera which I have submitted to microscopic investigation, have 
all presented the general structure of simple saurian teeth ; and that, since ascer- 
taining the structure of the Labyrinthodon’s tooth, I have minutely inspected the 
outer surface of the teeth of numerous species of Saurians, but have not detected 
striz penetrating the substance of the tooth, like those which indicate the compli- 
cated structure of the tooth of the Keuper Batrachian. 

The portion of the tusk of the Labyrinthodon Jegeri, from which the microscopic 
sections now described were prepared, included about the middle third part of a 
tooth, nearly as large as the one figured by Professor Jaeger}. That tooth is three 
and a half inches in length, one and a half inch in breadth at the basis, whence 
it gradually converges with a slight bend towards the apex, which is obtuse, with 
a slightly depressed summit three lines in diameter, and having a small rising in 
the centre of the terminal depression. 

The external longitudinal striz are regularly arranged, with intervals of about 
one line at the base of the tooth, and they maintain nearly the same position 
throughout the lower three-fourths of the tooth, by decreasing in number as the 
tooth diminishes in thickness ; they finally altogether disappear about half an inch 
from the summit of the tooth. Here therefore, I presume, the structure of the 
tooth may be more simple; but whether there be any inflected folds, or to what 
extent they are continued into the summit of the tooth; and whether, beside a 
layer of cement, the tooth be at this part invested likewise by a coating of enamel, 
can only be determined by the examination of sections similar to those which I have 
had prepared from the middle part of the crown in the tooth of the Labyrinthodon 
Jeger. 

At this part the dentine or body of the tooth is invested by only a very thin 
sheath of cement, and it is a vertical fold or duplicature of this cement which 
penetrates into the substance of the tooth at each of the strie, which, as before 


loc. cit. p. 36. + loc. cit. tab. 4, fig. 4. 
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observed, are arranged at intervals of about one line around the whole circum- 
ference of the tooth. The inflected foldruns straight towards the centre of the tooth 
for about half a line, and then becomes wavy, the undulations rapidly increasing in 
breadth ; the first two, three, or four undulations are simple, then their contour 
itself becomes broken by smaller or secondary undulations, and these become more 
numerous as the fold approaches the centre of the tooth, near which it slightly 
increases in thickness, and finally terminates by a dilated loop or extremity (as seen 
in the transverse section) close to the pulp-cavity, from which the free margin of 
the inflected fold of cement is separated by an extremely thin layer of dentine. 
The number of the inflected converging folds of dentine is about fifty at the middle 
of the crown of the tooth, but it must be greater at the base. 

All the inflected folds of cement at the base of the tooth have probably the dis- 
position and extent above described, but as they approach their termination towards 
the upper part of the tooth (and we have seen that they progressively decrease in 
number as the tooth diminishes in size) they also gradually diminish in breadth, 
and consequently penetrate a less distance into the substance of the tooth. 

Hence, in such a section as I have delineated, we observe that some of the 
convoluted folds, or those marked 8, b (fig. 1, p. 506.), extend to near the centre of 
the tooth. Others reach only about half-way to the centre ; and those folds (0’, 0’), 
which, to use a geological expression, are ‘‘ thinning out,” penetrate to a very short 
distance into the dentine, and resemble in their extent and simplicity the con- 
verging folds of cement in the fang of the tooth of the Ichthyosaurus. 

The disposition of the dentine in the tooth of the Labyrinthodon is still more 
complicated than that of the cementum. The dentine, or the main constituent of 
the tooth, consists of a slender central conical column, or ‘ modiolus,’ hollow for a 
certain distance from its base, and radiating outwards from its circumference a 
series of vertical plates, which divide into two, or dichotomize once or twice before 
they terminate at the periphery of the tooth. 

Each of these diverging and dichotomizing vertical plates gives off throughout 
its course narrower vertical plates, which stand at right angles or nearly so to the 
main plate; they are generally opposite, but sometimes alternate. Many of the 
secondary plates which are given off near the centre of the tooth also divide into 
two before they terminate : their contour is seen in the transverse section to partake 
of all the undulations which have been described as characterizing the inflected folds 
of cement which invest the dentinal lamella and separate them from each other. 

The central pulp-cavity (Cut 1, a, p. 506.) is reduced to a mere line about the up- 
per third of the tooth, but fissures radiate from it corresponding in number with the 
radiating plates of the dentine. One of these fissures is continued along the middle 
of each plate, dividing where this divides, and extending along the middle of each 

VOL. VI.—SECOND SERIES. 3.U 


r 


510 Mr. Owen on the Labyrinthodons 


bifurcation and process. The main radiating fissures extend to within a line or 
half a line of the periphery of the tooth, and suddenly dilate at their terminations 
into canals, the areas of which in transverse section are subcircular, oval, or pyri- 
form ; the branches of the radiating fissures, which are continued into the lateral 
secondary plates or processes of the dentinal lamellz, likewise dilate into similar 
and generally smaller spaces. All these spaces or canals in the living tooth, must 
have been occupied by corresponding processes of the vascular pulp ; they consti- 
tute as many centres of radiation of the fine calcigerous tubes, which, with their 
uniting clear substance, constitute the dentine. 

If the dilated spaces of the complicated and ramified pulp-cavity of the Laby- 
rinthodon’s tooth were isolated, and their respective systems of calcigerous tubes 
circumscribed by a coat of cementum, then the tooth of the Labyrinthodon would 
present the type of that of the Orycteropus, and of the Myliobates, Pristis, and many 
other cartilaginous fishes : or on the other hand, if the pulp-cavities of the compo- 
nent cylindrical denticles of the tooth of the Orycteropus were connected together 
by lines converging to and uniting in a common centre, then it would somewhat 
resemble the peculiar type of dental structure presented by the Labyrinthodon. 

It would be foreign to my present purpose to pursue the description of the tooth 
of the Labyrinthodon into the modifications of the dentinal tissue, as displayed by 
the higher powers of the microscope ; suffice it to say, that the dentine everywhere 
presents the structure of fine calcigerous tubes, obeying in their course the usual 
law, i.e. radiating or converging, with primary curvatures and secondary undulations 
at right angles, or nearly so, to the surface of the dentine which the cement invests. 

The number of these calcigerous tubes, which are themselves the centres of minor 
ramifications, defies all calculation ; their diameter is 7'5oth of a line, with inter- 
spaces equal to seven diameters of their cavities*. 

It has already been stated, that among the few teeth presumed to be reptilian 
from the Warwick sandstone, the small, conical, externally striated one, figured in 
the memoir of Messrs. Murchison and Strickland (Geol. Trans. vol. v. Pl. XXVIII. 
fig. 8.), bears the nearest resemblance to the teeth of the German Labyrinthodon or 
Mastodonsaurus ; it is however much smaller, and the cone is broader and shorter. 

I have subsequently received a larger tooth from my friend Dr. Lloyd, which 
was discovered in the Warwick sandstone at the Coton-end Quarry. This tooth 
still more closely resembles in size and form the teeth of the Labyrinthodon figured 
by Professor Jaeger, especially the smaller specimens (figs. 5. and 6. Pl. IV. of 
his above-cited work) ; it differs only in being somewhat more compressed at the 


* Their general disposition is shown in a section of one of the simple lateral processes of the radiating 
plates of dentine, in Plate LXIV. A. fig. 2. of my ‘Odontography.’ The undulation and ramification of the 
terminations of two of the calcigerous tubes, magnified 650 diameters, are figured at Plate LXIV. A. fig. 3. 
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base and less obtuse at the apex, resembling more the ordinary simple form of a 
laniary tooth. The external surface of the Warwick sandstone tooth is similarly 
impressed with fine longitudinal striz, continued with a very slight degree of con- 
vergence towards the apex of the tooth, where the longest striz terminate. 

The interspaces of the striz are more prominent and convex than in the Laby- 
rinthodon Jegeri. The apex of the tooth, though rather obtuse, and worn by attrition 
obliquely down one side, does not present the depression and central eminence 
which Professor Jaeger describes as the chief characteristic of the larger tooth of his 
salamandroid Labyrinthodon. This appearance in the tooth of that species may, 
however, be due to the mode in which it has been worn down; and we have just 
seen that the tooth of the Labyrinthodon possesses a distinctive character of a very 
different and much more important kind. 

It was in relation to this structural modification that I felt most anxious to exa- 
mine the teeth from the Warwick sandstone. I could perceive indications at the 
fractured basis of the larger tooth of fissures leading from the external striz into 
the substance of the tooth, and the question was, were these fissures continued to 
the same extent, and in the same convoluted course which they had presented in 
the tooth of the Labyrinthodon of the German Keuper? This I was unable to de- 
termine by inspection of the fractured surfaces of the dense and opake tooth from 
the Warwick sandstone, either by unaided vision or the use of the microscope with 
reflected light. 

I solicited, therefore, and obtained permission from Dr. Lloyd, to have the re- 
quisite sections made, selecting such a portion of the larger tooth as least inter- 
fered with the exposition of its external form and characters. 

The subjoined cut (fig. 2.) faithfully exhibits the ap- Fig. 2. 
pearance which a portion of one of the transverse 
sections presented, as seen by transmitted light ; the 
complication of the structure of the tooth is as great 
and its plan is the same as in the Labyrinthodon Jageri ; 
all the peculiarities indeed of this most extraordinary 
type of tooth are so clearly preserved in the specimens 
from the Warwick sandstone, that I conclude it to 
have belonged to a reptile of the same genus as that 
which characterises the Keuper of Wirtemberg. 

The differences which remain to be noticed in the 
tooth of the Warwick Labyrinthodon are of a compara- 
tively slight and probably only of a specific nature. 

At the upper part of the tooth a thin layer of 
enamel*, besides a coating of cement, is inflected at 


* I have subsequently ascertained that this is not true enamel. 
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each groove towards the centre of the dentine, but about the middle of the tooth 
the enamel disappears, and the convolutions consist of interblended layers of 
cement and dentine. Thus, on the supposition that the tooth of the Labyrinthodon 
of the German Keuper be capped with enamel, this constituent of the tooth must 
have a less extent than in the congeneric tooth from the Warwick sandstone. 

The inflected folds in the Warwick tooth are continued for a greater relative 
extent before the lateral inflections commence, than in the German species, and 
the inflections or anfractuosities are rather fewer in number ; some of the inflected 
converging folds in the Warwick tooth, having nearly reached the central pulp- 
cavity, are reflected backwards for a short distance before they terminate. 

The modifications of the complex diverging plates of the dentine correspond with 
those of the tooth of the Labyrinthodon Jegert, the observable differences hardly 
amounting to anything beyond those of a specific character. Thus the peripheral 
or terminal quadrilateral lobes, as seen in the transverse section, are relatively 
longer in the Labyrinthodon laniarius, as the Warwickshire species may be pro- 
visionally termed. 

The number of the inflected folds of enamel at the upper third of the tooth is 
about forty-five ; such of the folds as nearly reach in the vertical direction to the 
apex of the tooth extend inwards transversely almost to its centre, and the shorter 
folds are inflected to an extent proportionate to their length. 

The dentine is composed of calcigerous tubes of the same relative size and dis- 
position as the Labyrinthodon Jegert. The base of the tooth is similarly anchy- 
losed to the osseous substance of the jaw. 

In the transverse section of the smaller and relatively broader and shorter co- 
nical tooth from the Warwick sandstone already mentioned, I found, as I had anti- 
cipated, that the superficial longitudinal striz indicated inflections of converging 
folds of the external cement as extensive as those in the Labyrinthodon Jegeri 
and Labyrinthodon laniarius. They present the same peculiar pattern, being bent 
from side to side in lateral undulations ; but these are more complicated with nu- 
merous secondary and tertiary foldings; I find also that the second and third 
lateral folds, counting inwards, are the broadest, and that the rest decrease as they 
approach the centre of the tooth. 

The section was taken from the middle of the portion of the tooth preserved ; 
this part is not covered by enamel but by cement only, which is relatively thicker 
than in the Labyrinthodon Salamandrotdes. These differences are sufficiently cha- 
racteristic of the tooth itself, but whether they indicate a difference of species or of 
age, or of situation in the jaws of one and the same individual, I cannot at present 
determine. It may be convenient, however, provisionally to indicate this tooth as 
belonging to the Labyrinthodon ventricosus. 

It is my intention to prosecute further inquiries into the structure of other teeth 
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from the Warwick sandstones ; but so far as I have hitherto had opportunities of 
carrying on this investigation, the results, I trust, will be allowed to be decisive as 
to the existence of reptiles in that formation which belong to the same natural 
genus, as does one of the most peculiar and characteristic reptiles of the German 
Keuper. 

So far, therefore, as the geological problem to which reference was made at the 
beginning of the present paper, depends upon the determination of the correspond- 
ence, in a peculiarly characteristic dental character, of the reptilian fossils of the 
formations in question, the present researches must be regarded as decisive in 
favour of the view entertained by Dr. Buckland of the identity of the Warwick and 
Bromsgrove sandstones with the German Keuper. And if, on the one hand, geology 
has thus really derived any essential aid from minute anatomy, on the other hand I 
may venture to affirm, that in no instance has the comparative anatomist been 
more indebted to geology than for the fossils which have revealed the most singular 
and complicated modification of dental structure hitherto known; and of which 
not the slightest conception had been gained from investigation of the teeth of ex- 
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XXXII.—Deseription of parts of the Skeleton and Teeth of five species of the 
Genus Labyrinthodon (Lab. leptognathus, Lab. pachygnathus, and 
Lab. ventricosus, from the Coton-end and Cubbington Quarries of the 
Lower Warwick Sandstone; Lab. Jegeri, from Guy’s Cliff, Warwick ; 
and Lab. scutulatus, Hoh Leamington) ; with remarks on the probable 
identity of the Cheirotherium with this genus of extinct Batrachians. 


By RICHARD OWEN, Esa., F.G.S., F.R.S., Instit. Reg. Sc. Paris. Corresp. 
‘{Read February 24, 1841.] 


Piates XLII. to XLVII. 


AT a preceding meeting I communicated the results of a microscopic examination 
of the teeth of the so-called Mastodonsaurus Jegeri of the German Keuper, and of 
the similarly-formed teeth of a reptile from the New Red Sandstone of Warwick, by 
which it was shown that they differed only in a slight or specific modification of a 
very peculiar generic structure, which distinguishes them from the teeth of all other 
reptiles, and apparently from those of all other animals ; and as the terms Salaman- 
droides and Mastodonsaurus were objectionable, I proposed that of Labyrinthodon, 
as expressive of this peculiar dental structure, for the genus of reptiles thus cha- 
racterizing the British and Continental New Red Sandstones. 

There remained then, as a subject of interesting research, to determine from the 
fossils of the British strata referable to the genus Labyrinthodon, whether these 
would be confirmatory or subversive of its Batrachian nature, and whether, if essen- 
tially a Batrachian, its remains would manifest any or how great an affinity to the 
Saurian or any other order of cold-blooded animals. The means of contributing 
some facts towards the solution of these questions have been obligingly afforded 
me by Dr. Lloyd of Leamington since the transmission of my former paper to the 
Society. 

Having communicated to Dr. Lloyd the results of the microscopic examination 
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of the tooth of the Labyrinthodon laniarius from the Coton-end quarry, he was so 
good as to bring up to London the whole of the collection of reptilian fossils from 
the New Red Sandstone formation of Warwick and Leamington, which are de- 
posited in the museums of those towns, and obtained for me the same liberal permis- 
sion as on the former occasion, to apply to any of the teeth which these fossils 
might contain the microscopic test. 

Amongst these fossils, two distinct species of the genus Labyrinthodon were at 
once evident, and were represented by portions of upper and lower jaws, an anterior 
frontal bone, two vertebra, one of which is nearly entire, a sternum, a fractured 
humerus, an iliac bone with a great part of the acetabulum, the head of the femur, 
and two ungueal phalanges. The maxillary fragments containing teeth, besides the 
agreement in dental structure, as I have ascertained by microscopic examination of 
sections from each fossil, likewise correspond with the German Labyrinthodon in the 
relative size, mode of implantation, and arrangement of the teeth: the maxillary 
teeth, e. g., are almost all of moderate and equal size, and these are closely arranged 
in a single straight row, each tooth being implanted by a broad base in a distinct 
but not deep socket ; whilst the remaining teeth, two or three in number on each 
side of the upper and lower jaws, are of much larger size, and are situated less 
regularly at the anterior part of the dental series. 


LaBsyRiNTHoDON LePproGNATHUS. 

I shall commence with the description of the fossils from the Coton-end sand- 
stone quarries, near Warwick, which indicate the smaller species of Labyrinthodon, 
to which the name of leptognathus is here given, in reference to the slender charac- 
ter of its long lower jaw. 

Upper Jaw.—The first of these fossils (Pl. XLIII. fig. 1, 2,3.) is the anterior part of 
the left side of the upper jaw, including the nasal bones. It shows that the maxillary 
or facial division of the skull was broad, much depressed, and flattened, resembling the 
skull of the gigantic Salamander, and also that of the Alligator, and having the outer 
surface of the bones strongly sculptured by depressions and furrows as in the Croco- 
dilian family. The portion of jaw here described contains the alveoli of the ante- 
rior moiety of the single row of small teeth and the base of one of the great anterior 
tusks, which ranges in the same line with the small serial teeth, but is directed 
obliquely backwards, the smaller serial teeth projecting more vertically from the 
alveolar margin of the jaw, and being slightly inclined outwards. In a few places 
the contiguous teeth are in place, but throughout the greater part of the series only 
those of alternate sockets. The base of the tooth projects directly from the outer 
wall of the socket, there being no alveolar ridge external to it. The alveolar series 
in this specimen contains in an extent of two inches three lines, thirty-one sockets 
including the large anterior tooth. The base of the smaller tooth is subcompressed 
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antero-posteriorly. The large anterior tooth (Pl. XLIII. fig. 2, a) is three times 
the size of the first of the serial teeth which succeeds it, and the size of the serial 
teeth gradually diminishes as they are placed further back, so that the eighth tooth, 
counting the sockets from the first, is little more than half a line in diameter at its 
base ; beyond this the teeth are of equal size, slender in proportion to their length, 
and gradually diminishing from the middle of the crown to the apex, which is not 
very acute where entire ; a linear pulp cavity is continued along the centre of the 
tooth, nearly to this part. The transverse section of the apical two-thirds of the 
tooth is cylindrical, its outer surface smooth ; the basal third is fluted, as in the 
teeth of the lower jaw; the outer wall of the socket is anchylosed to this fluted 
base, and slightly excavated in the interspaces of the teeth that are in place. From 
the flatness and thinness of the maxillary bones the sockets of the teeth are neces- 
sarily shallow. The length of the common-sized serial teeth is about two lines, 
their greatest diameter one-third of a line; the diameter of the base of the large 
internal anterior tusk is two lines and a half. 

The outer surface of the maxillary bone begins to bend from the perpendicular 
almost immediately above the alveolar process, and is continued through the rest 
of its extent in a nearly horizontal plane. ‘The whole breadth of the left upper jaw 
appears to be included in the fossil for the antero-posterior extent of an inch oppo- 
site the middle of the dental series. The breadth of this part from the median 
longitudinal suture to the external alveolar process is one inch three lines ; two 
inches and a half is therefore the breadth of the skull at this part. The upper jaw 
gradually expands to the posterior part of the fragment, where it is one inch and a 
half in breadth on the left side; the anterior part of the fragment, which contains 
the large tusks, slightly expands or inclines outwards. Where the upper jaw is 
entire, a portion next the median suture, four lines in breadth, is separated from the 
maxillary bone by a longitudinal harmonia running nearly parallel with the median 
one; the bone so defined corresponds with the position of the nasal bone in the 
Crocodile. The whole of the outer surface of the bones here described is sculptured 
with large irregular grooves and sinuses. One of the largest grooves, which is an 
angular and not a rounded furrow, runs nearly parallel with the alveolar process, 
between two and three lines above it, defining it, as it were, from the upper and 
flat surface of the jaw; a second principal furrow, as wide but less angular than 
the outer one, commencing at the posterior part of the fragment, a line and a half 
distant from the outer one, inclines inwards as it advances forwards with a slightly 
irregular course, and terminates in the fragment preserved at the naso-maxillary 
suture. ‘The above two principal grooves are separated by a longitudinal row of 
elliptical pits, which increase in size as the grooves diverge, and the wider anterior 
interspace is occupied by additional smaller pits. The portion of the upper maxil- 
lary bone included between the oblique groove and the nasal suture is marked with 

VOL. VI.—SECOND SERIES. 3x 


518 Mr. Owen on species of 


longitudinal impressions or smaller grooves, which converge anteriorly. The upper 
surface of the nasal bone is impressed by elliptical and oblong pits, the intervening 
ridges of which form an irregular open network. The preceding sculpturing of the 
nasal and maxillary bones resembles that of the corresponding bones in the Croco- 
diles, but presents a relatively larger and coarser pattern; and when it is remem- 
bered that analogous sculpturing characterizes the crania and other bones of certain 
species of fishes, the ribs and sternum of the Trionyx and the jugal bones of the 
Spotted Cavy among Mammalia, much importance need not be attached to this 
indication of the Saurian affinities of the present extinct reptiles. 

The affinity of the Labyrinthodon to the Crocodile is more essentially shown by 
the broad and entire upper jaw, which deviates widely from the Batrachian condi- 
tion of the same part. 

In both the caducibranchiate and perennibranchiate species the upper maxillary 
bones present the form of slender elongated styles, attached only by a slightly ex- 
panded anterior extremity, from which they project backwards and generally ter- 
minate in a free and disengaged point: the external surface rises nearly vertically 
above the alveolar margin, and is not extended horizontally over the upper surface 
of the skull, but a very wide interval is left between the maxillary and nasal bones ; 
and while the maxillary bones thus form so small a proportion of the upper wall of 
the nasal cavity, their palatal processes contribute as little to the formation of the 
floor of the same cavity. In the Crocodiles, on the contrary, the palatal processes 
of the maxillary bones extend horizontally inwards and meet at the middle line of 
the roof of the mouth, and thus form an unbroken floor to the nasal cavity. In 
the present fossil we have already seen that the superior maxillary extends inwards 
to the nasal bone; forming with it a continuous strong bony roof over the nasal 
cavities. The whole of the under surface of the fossil was covered with the sand- 
stone matrix, but the fractured margin, opposite the alveolar border, exhibited the 
edge of a thin plate of bone, uninterrupted in the longitudinal extent, and forming 
the floor of a wide and shallow nasal cavity ; thus affording a strong indication that 
the Labyrinthodon breathed air like the higher reptiles. That the bony palate 
extended as far in the transverse as in the longitudinal extent was indicated by the 
projecting base of a fractured conical tooth, twice the size of the large anterior fang 
of the maxillary series, and situated internal to the anterior small serial teeth. 
Although the Labyrinthodon resembles the Crocodile in the character of the bones 
forming the upper surface of the maxillary part of the cranium, and in the inter- 
ception of a wide and shallow nasal cavity between two horizontal plates of bone, 
yet the main evidence of its affinity to the higher Saurian was to be derived from 
the condition of the bony palate, first in regard to the bones composing it, and, 
secondly in their relation to the dental system. 

In Crocodiles, the floor of the nasal cavity is chiefly formed by the maxillary 
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bones ; in Batrachia, by the palatines and vomer: in all Crocodiles the bones of 
the palate are edentulous, in all Batrachia they support teeth. There was evidence 
in the fossil in question of a large laniary tooth projecting from the palatal surface 
of the mouth, internal to the series of maxillary teeth. I had first to determine 
whether this was supported, like the great laniary teeth of the lower jaw, upon the 
same bone, viz. the superior maxillary, which supported the serial teeth, or whether 
it was a true palatal tooth. I am indebted to the skilful sculpturing of Mr. Scharf, 
spontaneously undertaken by him with a view to render his drawings of the pre- 
sent fossil more clear and instructive, for the means of determining this question, 
and for bringing into view some most interesting parts of the cranial anatomy of 
the Labyrinthodon. The palatal processes of the maxillary bones, instead of extend- 
ing to the middle line, as in the Crocodiles, are very narrow, as in the Batrachia. 
The osseous roof of the mouth is principally constituted by a pair of broad and flat 
bones (Pl. XLIII. fig. 2, b), analogous to those which Cuvier describes as a divided 
vomer in the Batrachia. These bones are, however, of much greater relative ex- 
tent than in any known Batrachia; they defend the mouth with a more extensive 
roof of bone than exists in any lacertine reptile ; physiologically the Labyrinthodon 
in this part of its structure comes nearest to the Crocodile, but the structure itself, 
morphologically, is essentially Batrachian ; that is to say, the bony roof of the 
mouth is formed by a greater development of the vomerine bones, situated, as in 
the Batrachians, at a part of the skull which is occupied solely by the maxillary 
bones in the Crocodiles. 

The vomerine bones vary much in their form in the Batrachia ; those of the Me- 
nopome come nearest in this respect to the Labyrinthodon, especially in the ex- 
panded anterior extremity of the bone, and it is upon the outer side of this expan- 
sion that the large tooth just alluded to is situated in the present species of Labyrin- 
thodon. The corresponding part of the palatal bone in the Menopome and gigantic 
Salamander supports a transverse row of small teeth; and the large tooth of the 
Labyrinthodon is the outermost of a similar transverse row of teeth extending, 
five in number, across the anterior expansion of each palatine bone, the three 
median ones being small and equal, the two outermost much larger. In the pre- 
sent fossil these teeth appear to be alternately shed and reproduced ; that is, the 
first, third and fifth, counting outwards from the middle line, were in place, the 
second and fourth being indicated by their empty sockets : this is analogous to the 
condition of the maxiilary series of teeth, and it is an order of shedding and re- 
newal which is common in many fishes where these processes succeed each other 
frequently and quickly, and by which the dental series is always kept in an efficient 
state. The outermost or fifth tooth is placed behind, as well as to the outer side 
of the socket of the fourth displaced tooth ; and, while it terminates the trans- 
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verse row of palatal teeth, it forms the commencement of a longitudinal row of 
small and equal-sized teeth, which is continued backward from the large exterior 
tooth of the transverse row along the outer margin of the vomerine bone: the . 
whole of the series of palatal teeth thus describe an arch nearly concentric and 
parallel with the external maxillary series of teeth, and the large tusks occupy 
the corresponding situations in each row. In the lacertian reptiles the examples 
of such an inner or palatal row of teeth are very few, and the series, when it 
does exist, is very short, and is situated towards the back of the palate upon the 
pterygoid bones, as in the Jguana and Mosasaur. With the Ophidians the com- 
parison of the present reptile is out of the question ; and their palatine teeth are 
never arranged transversely to the axis of the mouth. In the Batrachians this is 
the most common disposition of the palatal teeth ; they form a short transverse 
series at the anterior part of the divided vomer in the Frog, and at the posterior 
part of the divided vomer in certain Toads, as Hyladactylus ; the palatal teeth form 
an extensive transverse row along the anterior margin of the vomer in the Menopome 
and gigantic Salamander, but are not extended longitudinally. In the Amphiume, 
on the contrary, the palatal teeth form a nearly longitudinal series along each outer 
margin of the long and narrow vomerine bone : the extinct Labyrinthodon combines 
both these dispositions of the palatal teeth. In the Menopome and most other 
Batrachians the posterior extremities of the maxillary bones are free, and the wide 
posterior palatal spaces, which are covered by membrane only in the recent animal, 
are uninclosed externally. In the genus Rana the pterygoid bones extend outwards 
and forwards so as to touch the palatine and maxillary bones, and circumscribe 
this aperture, which, however, is of great extent. Inthe Labyrinthodon the aperture 
(Pl. XLII. fig. 2, c) is much more completely circumscribed by bone, and, from the 
greater development of the vomerine bones, its extent is much diminished. In the 
present specimen the posterior palatal aperture forms a longitudinal ellipse, ten lines 
in the long and five lines in the short or transverse diameter: it occupies apparently 
the same relative position as in the Jguana, but a much smaller proportion, if any, 
of its posterior contour must be completed by the pterygoid bone in the Labyrin- 
thodon. ‘The anterior transversely produced plate of the vomerine bone has its ex- 
ternal margin expanded in the longitudinal direction, and abuts by an extensive 
slightly convex surface against the narrow palatal process of the upper maxillary 
bone. The anterior and posterior margins of this process of the vomerine bone are 
concave, the former (Pl. XLIII. fig. 2, d) being the posterior boundary of the anterior 
palatal opening, and the latter the anterior boundary of the posterior palatal opening. 
What the extent of the anterior palatal orifice may have been, and how far the superior 
maxillary and intermaxillary bones extended beyond the part of the upper jaw at 
which the present fossil terminates, is indicated by the length of the lower jaw of 
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the same species next to be described, and by the fragment of the upper jaw of the 
second and larger species of Labyrinthodon. The broad palatal plate of the pala- 
tine bones in the present fossil extends two inches behind the transverse row of 
teeth, and probably much further in the entire skull; it is nine lines in breadth 
anteriorly and six lines in breadth on the inside of the posterior palatal foramen ; 
the surface next the mouth, which does not support teeth, is smooth and slightly 
convex. From the curve of the remaining part of the contour of the anterior pa- 
latal foramen (d, fig. 2. Pl. XLIII.), it may be concluded that it was not confluent 
with its fellow, as in the Crocodiles, or as in the Frog and Menopome, but that the 
two were distinct as in the Iguana. From the structure of the portion of the nasal 
cavity preserved in the present fossil, it may be inferred that the Labyrinthodon dif- 
fered from the Batrachians, and resembled the Saurians in having distinct posterior 
nasal apertures surrounded by bone, and that its mode of inspiring air was the 
same as in the higher organized reptiles; other physiological inductions conse- 
quent upon this will be noticed in the description of the portion of skull of the 
larger species of Labyrinthodon ; and I shall conclude the description of the present 
fossil by again calling attention to the satisfactory proof of its essentially Batra- 
chian affinities, which the structure of the palate and palatal teeth have yielded. 
' Lower Jaw.—The next fossil which I proceed to describe, and which, like the 
preceding one, is from the sandstone in the neighbourhood of Warwick, consists of 
six inches of the anterior part of the left ramus of the lower jaw (Pl. XLIV. figg. 
8 and 9) ; this ramus is slender, straight, and with its symphysial extremity abruptly 
bent inwards ; the inner line of the symphysis here forming a regular and deep curve. 
Its breadth, at the posterior fractured part, is ten lines; at the anterior part, be- 
hind the inflected symphysis, seven lines; the breadth of the anterior fractured 
portion is one inch. The structure of this long and straight ramus of the jaw pre- 
sents almost as striking a Batrachian character as any of those derived from the 
foregoing fossil ; that is to say, the angular piece is of great breadth, extends on 
both sides of the jaw, and is continued forwards to near the symphysis, forming 
the whole of the inferior part of the ramus of the jaw, and extending upon the 
inner as far as upon the outer side of the ramus, the inner plate performing the 
function of the detached ‘ os operculare’ in the Crocodile’s jaw. The dentary piece 
is supported upon a deep and wide groove along the upper surface of the angular 
piece, which groove looks obliquely outwards ; the angular piece also projects be- 
yond the outer edge of the groove, so as to form a strong convex ridge on the 
external side of the jaw below the dentary piece ; this character, which in the large 
Bull-frog (Rana pipiens) is confined to the posterior part of the maxillary ramus, is 
here continued to near the anterior extremity. The teeth in this fragment are long 
and slender, and so closely correspond in size and shape with those in the upper 
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jaw last described, that they must be regarded as belonging to the same species. 
There are not less than fifty sockets in a single linear series, and at the anterior 
inflected part of the jaw is the base of the socket of a large tooth six lines in dia- 
meter ; the serial teeth gradually diminish in size toward the anterior portion of 
the jaw; the posterior teeth, which are slightly compressed at their base, in the 
antero-posterior direction, present here about a line and a half in diameter ; the 
anterior ones half a line across the same part; the length of some of these small 
anterior teeth above the sockets is three lines, they are terminated by subacute 
extremities ; the sockets do not lie between parallel lines; the alternate ones are 
placed a little more internally. The teeth were present chiefly in the more exter- 
nal sockets ; but where they remained in both, the row of teeth presented the same 
slightly zigzag disposition. Owing to the circumstance of the anterior part of the 
jaw having been broken, it cannot be determined whether any of the smaller or 
serial teeth were continued external to the large anterior tusks,—a remarkable ich- 
thyic character which I shall have to notice in a subsequent fossil. The sockets of 
the teeth are as shallow in the present as in the preceding fossil ; the outer wall is 
more developed than the inner, and the anchylosed bases of the teeth more nearly 
resemble in their oblique position those of the existing Batrachia. The teeth are 
directed slightly inwards, and are probably received within the series of the upper 
jaw when the mouth is closed. The striation and fluting is confined to the basal 
third of the tooth, as is also the labyrinthic inflections of the external cement. 
Above this part the dentine consists of fine calcigerous tubes, radiating from the 
linear remains of the pulp-cavity at right angles to the surface of the tooth ; being 
parallel with the axis of the tooth where they form its apex, and gradually inclining 
outwards until they become transverse to that axis, which is their disposition in 
the bgdy of the tooth, between the apex and the commencement of the inflected 
vertical folds of the cement. Beyond this part, therefore, the tooth of the Laby- 
rinthodon resembles, in the simplicity of its intimate structure, that of the entire 
tooth of the ordinary Batrachia and of most reptiles. The vertical inflected pro- 
cesses of the cement are at first short and straight, occurring at pretty regular 
distances around the circumference of the tooth ; so that here the tooth partakes 
of the structure which I have before described as characterizing the base of the 
tooth of the Ichthyosaurus. Soon, however, the primitive inflected folds of cement 
sink deeper into the dentine and commence their undulating course ; other pro- 
cesses, at first simple like the preceding, begin to penetrate the dentine at the in- 
terspaces of the primary folds ; these begin to take on a sinuous course a little 
nearer the base of the tooth ; and a transverse section at this part exhibits the 
modification of the labyrinthic structure exhibited in the woodcut, fig. 2, p. 511. 
The long and slender character of the maxillary ramus, suggesting the name of 
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the species of Labyrinthodon to which it belonged, will give an idea of the propor- 
tion of the skull included in the first-described fossil ; the length of the head as 
compared with the breadth approximates more nearly to the proportions of that 
of the Crocodile and Nothosaurus than to those of the ordinary Batrachian skulls : 
among existing Batrachia, the Amphiuma, in this respect, seems to have most 
closely resembled the present species of Labyrinthodon. 

Vertebra.—The vertebra here described (Pl. XLV. figg. 5-8.) was discovered in the 
same sandstone quarry at Coton-end as the portion of the skull and upper jaw of the 
Labyrinthodon leptognathus, and it bears the same proportionate size to those parts as 
exists between the vertebra and skull of the Menopome, and between a larger verte- 
bra from the Warwick sandstone and the jaws of the larger species of Labyrinthodon 
next to be noticed. In the larger vertebra alluded to there is evidence of a condition 
of the articular extremities characteristic of the lower or perennibranchiate division 
of Batrachia among existing reptiles. From the essential resemblance which will be 
pointed out between the jaws of the two species of Labyrinthodon, it could not be an- 
ticipated that their vertebrz would present two types of structure so different as the 
bi-concave and concavo-convex articulations. From the figure given of the smaller 
vertebra now under consideration*, it appeared nevertheless that one of the articular 
surfaces of this vertebra was convex, and from the form of the articular processes 
(for this figure is unaccompanied by any detailed description), this surface seemed 
to be the posterior one ; I therefore wrote to Dr. Lloyd, requesting permission to 
have the vertebra transmitted to me. It was imbedded, with the exception of the 
surface figured in the plate quoted, in the sandstone matrix. Part of the anterior 
articular surface of the body of the vertebra was uncovered, the opposite end of 
the vertebra was broken off, and a mass of the sandstone projected from the broken 
surface. With the assistance of Mr. Clift, sufficient of this matrix was cleared 
away to expose the centre and bottom of a concave surface (Pl. XLV. fig. 8.), to 
all appearance similar in depth and form with that on the anterior end of the 
bone (Pl. XLV. fig. 7.) ; thus proving its correspondence in this important cha- 
racter with the vertebra of the larger species of Labyrinthodon. The body of the 
vertebra is subelongate and subcompressed, with a smooth exterior surface ter- 
minating below in a slightly produced longitudinal median ridge.. Its length is 
nine lines, its breadth at the middle four lines; at the articular extremity nearly 
six lines. The articular concavity appears, as in the larger vertebra, not to have 
begun immediately from the margin, but to have been surrounded by a flat- 
tened circular surface ; this part, however, is much broken. The depth of the ar- 
ticular concavity is not very great ; at least four lines of the osseous tissue must 
have intervened at the middle of the body of the vertebra between the anterior and 
posterior concavities ; these are much deeper and more conical in the perennibran- 

* Geol. Trans., Second Series, vol. v. Pl. XXVIII. fig. 10. 
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chiate reptiles. ‘The smooth lateral surface of the vertebral body is not continued 
in a regular curve to the lower margin of the vertebra, but bends toward that ridge 
somewhat abruptly at two lines distance from it, as shown in figures 5. and 7. PI. 
XLV. The present vertebra exhibits the same exceptional condition in the Rep- 
tilian class as do the vertebre of existing Batrachians, in having the superior arch 
or neurapophyses anchylosed with the centrum. The vertebra belongs to the dor- 
sal series, and from each side of the base of the neural arch there extends obliquely, 
outwards and upwards, a thick and strong transverse process, the fractured condi- 
tion of which, on both sides, prevents, however, its length from being ascertained. 
A very slight ridge ascends from the centrum along each side of the under part of 
the transverse process ; the two ridges slightly converging and bounding a shallow 
concavity beneath the transverse process. ‘The upper part of the base of the trans- 
verse process is continued in an uninterrupted curve into the posterior oblique 
processes, but it is separated from the anterior ores by a deep oblique and slightly 
curved fissure. The anterior oblique articular surfaces commence three lines be- 
hind the articular surface of the body of the vertebra; they diverge as they pass 
forward, and thus leave that part of the medullary canal exposed; the aspect of 
the articular surface is obliquely upward and inward. The spinous process com- 
mences at their angle of union, and its base is extended to the corresponding angle 
of union of the posterior oblique processes, gradually increasing in thickness as it 
proceeds backwards ; the spinous process was broken off close to its base. The 
posterior articular processes extend beyond the posterior articular surface of the 
body of the vertebra as far as the anterior articular surfaces fall short of it ; and 
they must have covered in the succeeding vertebre that portion of the spinal canal 
so left unprotected by its own arch. The spinal canal is slightly expanded at its 
two extremities, and appears, so far as I have been able to fairly excavate it, to sink 
in its progress into the substance of the centrum, approaching, as it were, to that 
peculiar structure which prevails in the still more ancient reptiles of the magnesian 
conglomerate. The strength and direction of the transverse processes indicate an 
expanded respiratory cavity protected by ribs. 

Episternum.—A symmetrical bone, most resembling the episternum of the Ichthyo- 
saurus, but with the median piece broader, flatter and thinner, so nearly corresponds 
in its proportions with the preceding vertebra that I here describe it, as belonging 
very probably to the Labyrinthodon leptognathus (Pl. XLV. figg.9 and 10). The 
stem, or middle piece of this bone diminishes to a mere plate or film below, and 
thickens towards the upper end where the cross-pieces are given off, and these pass 
outwardly at right angles to the median stem and support, each, a pretty deep and 
wide groove, contracting to a point at the upper part of the median stem: these 
grooves indicate strongly the presence of clavicles, which are wanting in the Cro- 
codiles, where the sternum or episternum presents only its median piece, with 
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broad lateral cartilages for the attachment of the coracoids. In the Lacertians it 
would seem that these lateral cartilages were ossified, and the sternum thus con- 
verted into a large rhomboidal plate. 

In the anourous Batrachia there are clavicles as well as coracoids; and in the 
Toad the mesial extremities of the clavicles rest upon the transversely expanded 
anterior extremity of an episternal bone, which among recent reptiles bears the 
nearest resemblance to that of the Labyrinthodon, to which genus the present bone 
most probably belonged. It is represented of the natural size, at Plate XLV. figg. 9. - 
and 10. 

The fossils above described, consisting of a part of the skull and dental system, 
a dorsal vertebra, and an episternum, prove the Labyrinthodon to have been essen- 
tially Batrachian, with striking and peculiar affinities to the higher Saurians ; these 
affinities lead, in the form of the skull and the sculpturing of the cranial bones, to 
the Crocodilian group ; and in one part of the dental structure, in the form of the 
episternum and the biconcave vertebra, to the extinct Ichthyosaur ; while in the 
condition of the bony palate the deviation from its essentially Batrachian character 
produces a resemblance to the Lacertian type. 

The anchylosis of the base of the teeth to distinct and shallow sockets is a point 
in which the Labyrinthodon resembles certain fishes, as the Sphyrena: I am dis- 
posed also to believe, from the absence of any trace of alveoli of reserve for the 
successional teeth, that these were reproduced, as in many fishes, especially the 
higher Chondropterygu, which, it may be remembered, formed the Amphibie natantes 
of Linnzus, in the soft mucous membrane or gum which covered the alveolar mar- 
gin, and subsequently became fixed to the bone by anchylosis, as in the Pike and 
Lophius among osseous fishes. Nor is it extraordinary that the present extinct 
Batrachian genus should have its relations of affinity thus radiating in different 
directions, since we find in the extinct reptilian forms of a later epoch, the combi- 
nation of Saurian characters with Ichthyic vertebre and extremities. We possess, 
as yet, no indication from fossils of the structure or form of the locomotive organs 
of the Labyrinthodon leptognathus. But it is by no means improbable that the im- 
pressions figured by Messrs. Murchison and Strickland, found on a slab of sand- 
stone from Shrewley Common, Warwick, are the foot-marks of this very species. 

The learned authors of the paper quoted, state their belief that these footsteps 
“‘ were formed by an animal probably allied to the Batrachia.” (J. c. p. 318.) They 
differ from the feet of Frogs in having the outer toe of both the hind- and fore-feet 
the longest, while in Frogs the second toe is longest : it is moreover evident that 
the animal possessed a tail. In both these deviations from the Batrachia a cor- 
responding approach is made to that family of reptiles to which the modifications 
of the Batrachian characters of the fossils in question have tended. 
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Lower Jaw.—I now proceed to describe the fossils on which I have founded a second 
species of Labyrinthodon, and shall commence with a well-preserved portion of the 
right ramus of the lower jaw (Pl. XLIV. figs. 1, 2, 3.). This fossil measures nine 
inches and a half in length ; the bone is thick and rounded, one inch and a half deep 
and one inch broad at the posterior fractured part, thirteen lines broad and seven 
lines deep at the anterior expanded and subdepressed end, which is curved inwards 
towards the symphysis of the jaw, and which supports two of the great cuspidate or 
laniary teeth, and the socket of a third. The structure of this lower jaw, which was 
broken across into two nearly equal portions, was the first object of attention. On 
the inner side of the anterior moiety it appeared to be strengthened by an opercular 
piece, in the form of a thin plate, gradually narrowing to a point, and terminating 
at the beginning of the inward curvature of the ramus (fig. 2.). This was obvi- 
ously a more complicated structure than exists in the jaws of fishes ; whilst in rep- 
tiles the inner side of the ramus of the jaw is supported by a distinct plate of bone 
in both Batrachians and Saurians. This complication, however, is due to a differ- 
ent structure in the Batrachia from that which obtains in the Sauria. In the 
lower jaw of the Frog, for example, it is produced by a continuation of the angular 
element upon the inner side, as high as upon the outer side of the jaw; whilst in 
Saurians the inner splint-like plate exists as a distinct piece, to which Cuvier has 
given the name of ‘os operculare.’ The question then to be determined was, to 
which of those structures was due the appearance above mentioned, of an opercular 
piece on the inner side of the maxillary ramus in the Keuper reptile? I may first 
observe, that the outer side of this ramus presents a structure not to be found in any 
Saurian jaws, viz. a well-marked longitudinal impression running parallel with the 
lower border of the jaw, about half-way between that and the alveolar border, towards 
which it gradually inclines, and then abruptly bends downwards and backwards. 
This impression evidently leads to a harmonia or toothless suture (like those which 
join together the different elements of a compound jaw), into which the sandy 
matrix has insinuated itself. The lower piece corresponds in depth and forward 
production with the large angular element of the jaw of the Frog, in which the an- 
gular piece is continued nearer to the symphysis than in any known Saurian ; but 
in the fossil it swells out as it were beyond the level of the upper or dentary piece, 
and forms a bold and broad convex ridge along the lower part of the outer side of 
the ramus, which subsides at only a short distance from the symphysial bend. The 
angular piece forms a similar projection on the outer side of the posterior half of 
the jaw in the Frog. 

Two transverse fractures of the present fossil display the relations of the external 
plate of the angular piece with the thin internal bony laminz ; the two pieces are 
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uninterruptedly confluent, and form a single broad and strong piece of bone, sup- 
porting the dentary piece upon a groove along its upper surface (fig. 2, b.), and ter- 
minating anteriorly at the bend of the expanded dentary element, which there re- 
ceives the extremity of the angular element in a notch. 

The fossil fragment exhibiting the above structure is five inches and a half in 
length, and probably forms little more than the anterior third of the ramus of the 
jaw ; there is sufficient, however, to demonstrate that its structure is essentially 
Batrachian. A similar portion of the lower jaw of a Saurian would have exhibited 
either the dentary element simply, or inclosed at the posterior fractured end, be- 
tween the extremities only of the separate angular and opercular elements. The 
continuation of the angular element alone, forming the lower half of the ramus, to 
near the symphysis, and supporting the dentary piece in a groove on its upper 
surface, is as striking a Batrachian character in the fossil of the British sandstone 
as that observed by Prof. Jaeger in the occipital bone of the great Salamandroides 
of the German Keuper. 

The smaller serial teeth in the present portion of jaw are about forty in number, 
and their sockets are in close contact with each other ; they very gradually diminish 
in size as they approach both ends of the series, but chiefly so towards the anterior 
part of the jaw. One of the smallest teeth at this end of the jaw is recumbent in 
front of the great laniaries ; I think it very probable that it was an incompletely de- 
veloped tooth of replacement, not yet erected and anchylosed to the bone,—a cir- 
cumstance in accordance with the view which I have entertained of the place of 
development of the successional teeth. The alternate sockets are empty in a con- 
siderable portion of the posterior part of the series, agreeably with the law of shed- 
ding and replacement illustrated in the Lab. leptognathus, so that the teeth thus 
appear to be separated by wider intervals than their sockets prove them to be. The 
form of the teeth is conical, with the base slightly compressed in the direction of 
the axis of the jaw ; the largest transverse diameter of one of the posterior of these 
serial teeth, where it emerges from the socket, is three lines ; the same diameter of 
the anterior serial tooth is one line and a half, its length four lines and a half. The 
great laniary teeth appear to be three in number in each symphysis, and the one 
nearest the symphysis is somewhat larger than the other ; but they are probably not 
in place and use at the sametime. The greatest diameter of the base of the largest of 
these tusks, which is subcompressed, is five lines ; its length, judging from an entire 
tooth of the same species, must have been at least one inch and a half. The lines 
of the inflected ceementum form well-marked longitudinal striz all around the basal 
half of the tooth, and the interspaces of the striz form convex ridges, as in the large 
tooth of which I described the labyrinthic structure in my previous paper, and which 
is most probably a laniary tooth of the present species. ‘These ridges are fewest near 
the termination of the striz, being divided and multiplied by new longitudinal striz, 
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caused by new inflected folds of the cement near the basis of the tooth; the apical 
half of the tooth has a smooth and polished external surface ; the pulp-cavity is 
continued of small size into the centre of this part of the tooth. In the smaller 
serial teeth, which in other respects, except their less gradual diminution of size, 
correspond with the preceding description of the anterior larger tusks, the central 
pulp-cavity is more quickly obliterated : the texture of the teeth is dense and brittle ; 
the alveoli, as already described, are large, moderately deep, but complete. The 
outer wall of the alveolar processes in the present fossil is not higher than the inner 
wall, as is the case in Frogs and Toads, the Salamanders and the Menopome, in all 
which Batrachians the base of the teeth is soldered to the inner side of an external 
alveolar plate, as in the Lacertians. It may be said, therefore, that in the more 
complete structure of the socket the Labyrinthodon manifests an affinity to the 
Crocodilian and Plesiosaurian reptiles ; but, on the other hand, a similarly complete 
dental socket is present in certain Scomberoid and Sauroid fishes. The base of the 
teeth, moreover, in the Labyrinthodon pachygnathus, as in the Lab. leptognathus, is 
anchylosed to the bottom of the socket, as is likewise the case in the fishes cited. 
We have a still more striking ichthyic character in the Labyrinthodon, in the con- 
tinuation of the row of small teeth anterior and external to the two larger teeth. 
For a double series of teeth, thus occasioned, does riot exist in the maxillary bones, 
either superior or inferior, of any Saurian reptile ; but in the Batrachian order it is 
found in the lower jaw of the Cecilia, and it is nct an uncommon structure in fishes. 
We cannot notice without interest the manifestation of another ichthyic character 
in the primeval Batrachia whose remains we are attempting to interpret *. 

Upper Jaw.—The second fossil of the Labyrinthodon pachygnathus which I have to 
notice is a fragment of the superior maxillary bone of the left side (Pl. XLIIT. fig. 4.), 
three inches and a half in length, including twenty-four of the serial teeth ; these 
teeth resemble those of the lower jaw, being moderately short, with a thick antero- 
posteriorly subcompressed, finely-striated base, and a sharp, subincurved apex. 
The outer alveolar plate is rather deeper than the inner one, but the teeth are iin- 
planted in distinct, though wide and shallow, elliptical sockets. The labyrinthic 
structure is confined to the striated base: in the upper half of the crown it is as 
simple as in the Ichthyosaurus or Crocodile, but there is no true enamel: the 
outer coat consists of a thin layer of cement. The relation of the cement to the 
dentine, as exhibited by a transverse section of the tooth, one line above the 
socket, is well calculated, from its greater simplicity, to illustrate the prin- 
ciple of the more complicated modifications of the labyrinthine dental structure 
first discovered. The processes which radiate from the pulp-cavity, twelve in 
number at the line of section, proceed straight to about midway between the 


* The successional teeth in Plestosaurus and Nothosaurus are sometimes so far developed before they 
displace their predecessors, as to cause the appearance of a double row. 
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centre and the circumference of the tooth, where each terminates in a slight dilata- 
tion. In like manner, the inflected folds, converging from the circumference of the 
section, proceed inwards in a straight line to within one-fourth of the distance to 
the central pulp-cavity. The inflected substance consists of the thinnest layer of 
cement. The calcigerous tubes radiate according to the usual laws, and resemble 
in diameter, in the width of their interspaces, in their secondary undulations, 
their dichotomous bifurcations and small lateral branches, the same tubes in the 
large tusk with the more complex labyrinthine structure. 

The external wall of this portion of the jaw is straight, and nearly flat ; and slopes 
upwards and slightly inwards from the narrow ridge which runs along the outside 
of the alveoli. The inner or palatal process of the jaw is as narrow as that of the 
Labyrinthodon leptognathus, and terminates internally by a smooth, regularly 
rounded, convex margin, which describes a slight concavity in the antero-posterior 
direction, and most probably formed the external boundary of the posterior palatal 
opening: the breadth of the palatal plate of the maxillary bone at the middle of 
this fragment is four lines, but at each extremity of the fragment it is six lines. 
At the posterior part of the fragment the palatal surface is flat, and impressed 
with a few small pits: anteriorly it is traversed by a shallow longitudinal groove. 

This condition of the palatal process of the maxillary corresponds more closely 
with that in the Frog than in any other existing reptile. In all the Batrachia the 
palatal process of the maxillary bone is very narrow, and is not extended inwards 
at any part to join the palatine bone, so as to complete the bony roof of the mouth ; 
but the inner boundary of the palatal process in the Frog is more parallel with the 
alveolar ridge ; and a portion, corresponding in extent with the present fragment, 
would not give that concavity of the inner border of the palatal process which the 
present fragment presents 

I suppose, therefore, that the palatal process here must have extended inwards 
at the anterior part of the maxillary, and probably so as to join the palatal bone, 
as in the Lad. leptognathus, and agreeably with the traces of an extended bony 
floor of the nasal cavities exhibited in the portion of the upper jaw which comes 
next to be considered. 

This characteristic fossil, which is from the quarry at Coton End, includes a 
considerable portion of the left maxillary and intermaxillary bone, and shows the 
lateral contour of the anterior palatal foramen (Pl. XLIII. figg. 9 and 10). The 
superior or external plate of the intermaxillary bone is broken away, but the ex- 
ternal plate of the maxillary bone remains, together with the internal or palatal 
plate, in the portion of that bone which is here preserved. The outer margin of 
the present fossil is impressed with a portion of a wide groove, having the same 
sinuous contour as the long oblique groove in the fragment of the upper jaw of the 
smaller species of Labyrinthodon. The inner border of the fragment is obliquely 
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thinned off, apparently for supporting the corresponding margin of the nasal 
bone : two or three wide, deep, subangular longitudinal grooves run nearly parallel 
with this border, external to which other shorter and similar grooves radiate 
towards the outer margin of the fragment. In no species of Crocodile is the 
external surface of the cranial bones sculptured by such deep and wide incisions, 
or excavations, relatively to the size of the bones. The ridges between these 
grooves in the Labyrinthodon have their edges rounded off. The depth of these 
inflections of the external surface of the bone brought to mind the corresponding 
inflections of the external surface of the teeth which form so striking a character- 
istic of the present extinct Batrachian family. The interspace between the sculp- 
tured maxillary bone and the co-extensive palatine plate here preserved, is nowhere 
more than two lines and a half in depth; but the two plates may have been un- 
naturally approximated by pressure. The wide and shallow nasal cavity is occupied 
by the matrix (Pl. XLIII. fig. 10, e). 

The chief deviation from the Crocodilian type of structure which the present 
fossil presents, is the continuation of the palatal plate (6) of the intermaxillary 
bone for some distance, about an inch, to the outer side of the base of the external 
plate or process. 

In the Crocodiles the external wall of the intermaxillary bone rises from the 
outer border of the palatal process, and is united by the whole of its posterior 
margin with the maxillary bone. A different structure of the intermaxillary 
bone prevails in the Batrachia: here the external is not co-extensive with the 
internal or palatal plate, but it rises from a longitudinal tract traversing the 
middle of the palatal plate, in the form of a compressed process, leaving an 
interspace between its outer margin and the maxillary bone: in the Frogs there is 
likewise an interspace between the external plates of the two intermaxillary bones, 
which does not exist in the Menopome, among the perennibranchiate Batrachia. 
Now, in the Labyrinthodon, the intermaxillary bone presents the same peculiar 
modification of the Batrachian condition of this bone as in the higher organized 
Batrachia. The palatal process of the intermaxillary, for example, is extended 
beyond the outer plate, both externally (Pl. XLIII. fig. 9, 6), and, but in a less 
degree, internally, where it forms part of the boundary of the anterior palatal 
foramen (fig. 9, c), whence the outer plate rises in the form of a compressed pro- 
cess from a longitudinal tract (fig. 9, a), on the upper part of the palatal process. 
The outer plate in the specimen is broken off near its origin, and the fractured sur- 
face gives the breadth of its base, stamping the fossil with a Batrachian character 
conspicuous above all the Saurian modifications by which the essential nature of 
the Labyrinthodon appears at first sight to be masked. 

Anterior frontal. (Pl. XLIII. fig. 11.)—With the indications of Crocodilian afti- 
nities in the maxillary portion of the cranium just described, we cannot feel sur- 
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prised to find other bones of the cranium in the present Batrachian family modified 
after the same type; such appears to be the case in the fossil now under consideration, 
which I regard as an anterior frontal bone, similar in form to that of the Crocodile. 
It presents a superior, horizontal, expanded and slightly convex surface, pitted 
with large irregular impressions, thinning off to a fine edge at the inner side, and 
sending downwards from its posterior and outer part a broad and slightly concave 
process, the smooth surface of which strikingly contrasts with the irregularly 
sculptured one of the horizontal plate. ‘This smooth surface, if I am correct in my 
idea of the nature of the bone, must form a part of the anterior boundary of the 
orbit, which it indicates to have been of large size. The posterior margin of the 
horizontal plate does not extend so far back, or overhang so abruptly the smooth 
orbital plate, as in the Crocodile. 

The orbital plate is also characterized in the present fossil by a deep pit, from 
which a groove is continued forwards ; there is a smaller foramen in the corre- 
sponding part of the smooth orbital plate in the anterior frontal of the Crocodile. 
The present fragment is two inches and a half in length, and the same in breadth ; 
the depth of the orbital plate is one inch three lines ; the thickness of the fractured 
angle of the bone, which would have joined the lachrymal, is three lines. 

Hitherto I have not received any other portions of the cranium of the Labyrin- 
thodon pachygnathus than those which have been described. They demonstrate 
that the facial or maxillary part of the skull was formed in the main after the 
Crocodilian type, but with well-marked Batrachian modifications in the inter- 
maxillary and inferior maxillary bones. The most important fact which they make 
known is, that this Sauroid Batrachian had subterminal nostrils leading to a wide 
and shallow nasal cavity, extending horizontally backwards, and separated by a 
broad and almost continuous palatal flooring from the cavity of the mouth ; which 
plainly indicates that their posterior apertures were placed far behind the anterior 
or external nostrils ; whereas, in the air-breathing Batrachia, the nasal meatus is 
short and vertical, and the internal apertures pierce the anterior part of the palate, 
where they are readily closed and opened by the tongue in the act of swallowing 
the air. 

But breathing by deglutition must have been as difficult, if not as impossible, 
in the Labyrinthodons as in the Crocodiles; and we may infer, therefore, that 
the apparatus for breathing by inspiration must have existed in the one as in the 
other. The inability to supply air to the lungs by deglutition is compensated for 
in the Crocodile by the power of dilating the cavity containing the lungs ; which 
power is given by an apparatus of ribs encompassing the thorax and of their ap- 
propriate muscles. It may be reasonably anticipated, therefore, that the skeleton 
of the Labyrinthodon will be found to be provided with well-developed ribs, which, 
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if present at all in the existing Batrachia, exist only as straight and short rudimen- 
tary styles. Now the cause, or the essential condition of this defective state of the 
costal apparatus in the existing Batrachia is well known to be their fish-like mode 
of generation ; viz. the simultaneous development of their numerous ova, which 
demands a capacity and produces a distention and dilatation of the abdomen in- 
compatible with the presence of the bony hoops which encompass that cavity in 
the reptiles that develope fewer ova, and mature them at successive intervals. 
Hence, if the structure of the nasal cavity of the Labyrinthodon, as displayed in 
two of the fossils here described, forbids the supposition that they breathed air 
after the manner of Batrachians, we may infer a Saurian condition of a part of their 
skeleton which has not yet been seen, and even gain considerable insight into the 
generative economy of a race of reptiles peculiar to one of the most ancient periods 
at which this order of vertebrate animals was called into existence. 

Vertebra.— Of the bones of the trunk there exists in the present collection only 
a fragment of a vertebra referable to the Labyrinthodon pachygnathus (Pl. XLV. figs. 
1+4.). The fragment in question consists of the upper part of the body of a vertebra, 
with the anchylosed neurapophyses, from which the transverse, the spinous and 
the posterior oblique processes have been broken away. ‘The length of this frag- 
ment is two inches ; the breadth of the articular end of the body of the vertebra 
one inch three lines; the upper half of this surface is preserved at the posterior 
part of the vertebra, showing that it is slightly concave, in which it deviates from 
the vertebral system of existing Saurians and anourous Batrachians, but corre- 
sponds with the vertebra of the Labyrinthodon leptognathus before described. 

The fractured surfaces for the transverse processes show them to have been broad 
and thick at their origin; they measure nine lines in antero-posterior diameter 
and four lines in vertical extent. Below the transverse processes the body of the 
vertebra is compressed and concave ; there is a small excavation at the anterior 
part of the base of each transverse process. The spinal canal is five lines broad 
and four lines high. The base of the spinous process is much contracted at the 
middle of the neurapophysial arch, from which point it has been based upon two 
distinct ridges, which thence diverge to the outer side of each of the anterior 
oblique processes. The articular surface on each of these processes is flat, and 
looks upwards and slightly inwards. 

The concavity of the posterior articular surface of the centrum is demonstrated, 
and a like configuration of the anterior end may be safely inferred: thus, in the bicon- 
cave character of the vertebra, its lateral compression and smooth surface, the thick- 
ness of the transverse processes, and the size, shape and direction of the oblique pro- 
cesses, a close generic resemblance is manifested between the present vertebral frag- 
ment and the more perfect one of the Labyrinthodon leptognathus ; and the fissure at 
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the anterior part of the transverse process must be regarded as a corresponding 
structure with that more extensive fissure which separates the anterior part of the 
transverse process from the base of the oblique process in the smaller vertebra. It 
is, therefore, a modification to which attention should be paid in examining verte- 
bree or portions of vertebree from the New Red Sandstone. 

Bones of the Extremities.—The fossils to be noticed under this head are few, but 
significant. 

I am disposed to refer to the anterior extremities the proximal end of a long 
bone (Pl. XLV. figg. 11-15.), which presents all the characteristics of the cor- 
responding part of the humerus of a Toad or Frog ; viz. the convex, somewhat 
transversely extended articular end, the internal longitudinal depression, and the 
well-developed deltoid ridge. This fragment, which includes perhaps the upper 
half of the bone, is two inches in length and thirteen lines in breadth ; it dimi- 
nishes, chiefly by the subsidence of the deltoid crest, to a subtrihedral shaft with 
the angles rounded off; it presents moderately thick compact walls, with a central 
medullary cavity. In this structure, as well as in its general form, the present 
bone agrees with the Batrachian and differs from the Crocodilian type. 

Right Iliwm.—The most complete bone in the present collection, not belonging 
to the cranial series, is the right ilium (Pl. XLV. figg. 16. and 17.), which pre- 
sents, like many of the previously described bones, a combination of Crocodilian 
and Batrachian characters. It is nearly six inches in length, and is therefore most 
probably referable to the same species as the jaws last described. It supports on 
its anterior and outer surface the same proportion of the acetabular cavity as in 
the Crocodiles. This cavity is bounded on its upper part by a produced and sharp 
ridge, as in the Frog; which ridge is not emarginate at its anterior part, as in the 
Crocodile, but it subsides at the posterior part of the cavity, the surface of which 
is here continuous with the outer surface of the produced posterior part of the 
bone. 

Above the acetabulum, in the Frog, the ilium gives off a broad and depressed 
process, the lower extremity of which is separated from the acetabulum by a smooth 
concave groove; there is no such process or groove in the Crocodile, but only a 
slight rising of the upper border of the acetabulum, against which the sacral ribs 
abut. In the present ilium there is a well-marked process in the analogous situa- 
tion to that in the Frog, and separated also by a smooth concave surface from the 
upper edge of the acetabulum, but this process, instead of being depressed, is com- 
pressed and curved forwards ; its internal extremity is pointed and bent, repre- 
senting, as it seems, the rudiment of the long anterior process of the ilium in the 
-anourous Batrachia. This process, in the Labyrinthodon, does not attain the par- 
allel of the anterior margin of the acetabulum ; and the bone terminates in a thick 
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truncated extremity a few lines anterior to the acetabulum, as in the ilium of the 
Crocodiles. The most marked character in which the present fossil deviates from 
the corresponding bone in the Crocodiles, is its extent posterior to the acetabulum : 
this part of the bone is compressed with a thick and rounded external and inferior 
margin ; it becomes thinner and terminates in a fine edge internally and above ; 
is slightly convex externally and concave on the opposite side, where it is also 
excavated by the articular surface for the sacrum. 

In the Frog, as in the other tailless Batrachia, the ilium, besides being remark- 
able for its extreme length and slenderness anterior to the acetabulum, is also cha- 
racterized by its mode of articulation to the vertebral column,—a transverse pro- 
cess of a single vertebra abutting against the anterior extremity of the produced 
ilium. In the Crocodile, on the contrary, the transverse processes of two vertebre 
which are thickened and expanded, are joined to a rough concave articular surface 
occupying the inner side of the ilium opposite and a little posterior to the aceta- 
bular cavity. In some species the two articular surfaces are separated by a slight 
interspace ; in others they are confluent, their respective proportions being indi- 
cated by an entering angle of the non-articulating surface of the bone. 

In the fossil we find, as in the ilium of the Crocodiles, a well-marked, rough, 
elongated, concave articular surface divided by a corresponding but less produced 
angle of the non-articular surface of the bone, and unquestionably destined for the 
reception of the external extremities of at least two broad and strong transversely 
extended sacral ribs. It is continued from the process above the acetabulum upon 
one-half of the long posterior process: the length of this articular surface is four 
inches ; its greatest breadth one inch three lines; the antero-posterior diameter 
of the acetabulum is two inches ; its vertical diameter one inch and a half. In the 
Batrachia a broad and thin process is continued downwards and inwards below 
the acetabular cavity, representing the pubis, and this is separated from the aceta- 
bulum by a well-developed ridge and the concavity below it. 

in the Crocodile, where the lower part of the acetabular cavity is always com- 
pleted by the upper extremity of the pubis, the anterior and inferior part of the 
ilium offers an obtuse process at the posterior part of the lower boundary of the 
acetabular cavity: the Labyrinthodon agrees with the Crocodile in this structure. 
As the iliac bone here described was discovered in the same quarry with the two 
fragments of the cranium and the portion of the lower jaw of the Labyrinthodon 
pachygnathus ; and as it presents a similar combination of Batrachian and Crocodi- 
lian characters, it may be concluded to have belonged to the same species and pos- 
sibly to the same individual. The cranial fragments correspond in size with those 
in the head of a Crocodile between six and seven feet in length, but the ilium 
supports an articular cavity for the reception of the head of a femur, somewhat 
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greater than that exhibited by the same bone of a Crocodile twenty-five feet in length. 
If both belonged to the same individual, we should have an example of a reptile 
with hinder extremities of disproportionate magnitude as compared with those of 
existing Saurians, but which would approximate in this respect, as in many other 
particulars already pointed out, to some of the existing anourous Batrachians. 

That such a reptile of a size equal and in some species far superior to that of 
the Labyrinthodon, to which the present fossils are here referred, formerly existed 
at the period of the formation of the New Red Sandstone, is abundantly manifested 
by the remains of those singular impressions of footsteps to which the term Chei- 
rotherium has been applied. 

Femur.—In the same quarry which yielded the above-described iliac bone, was 
found the hemispherical head of a femur, of a size corresponding with the articular 
cavity or acetabulum of that bone (it is figured, below the acetabulum, in Pl. XLV. 
fig. 18.). On the not improbable supposition that this is part of the skeleton of 
the same species of Labyrinthodon as that to which the humerus belonged, the rela- 
tive size of these bones more nearly resembles that which must have characterized 
the so-called Cheirotherium than obtains in any recent Batrachian. 

Phalanges.—The fossil from the Warwick sandstone figured as a tooth, in the me- 
moir of Messrs. Murchison and Strickland (loc. cit. fig. 9. Pl. XXVIIL.), differs from 
every known Saurian or Batrachian tooth in presenting a semi-elliptical transverse 
section, being flattened on one side and convex on the other, and being unusually 
curved. The unsymmetrical character of this fossil is so extremely rare a form in 
the simple conical teeth of reptiles, that I applied for and obtained permission to 
examine its intimate structure. The base of the fossil was fractured, but exhi- 
bited no trace of pulp-cavity. A transverse section taken from its middle, and 
viewed by transmitted light under a power of 200 linear dimensions, presented 
numerous parallel close-set Haversian canals, with concentric lamelle surrounding 
each, and minute and simple radiated cells in the interspaces ; there could be no 
doubt, therefore, that it was a true bone, and I conceive it to be most probably a 
terminal phalanx of a toe. It measures ten lines in length, is curved, and gradu- 
ally diminishes in size from one end to the other. There is likewise in the col- 
lection a second terminal phalanx in the form of an elongated cone, with the arti- 
cular surface slightly concave at the base; one side flattened, the opposite side 
convex ; the apical extremity in both these phalanges is simply attenuated, but 
presents no trace of nail; they are strictly Batrachian in this respect, and from 
their size are referable to the hind-foot of the Lab. pachygnathus. 

Thus then the fossils of the lower sandstones of Warwick and Leamington, 
though few, bear good testimony to the affinities of the reptiles of that ancient 
stratum. They all agree with each other and with the Mastodonsaurus Jegeri 
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of the German Keuper in their essentially Batrachian nature ; for the well-marked 
and peculiarly complicated character of the dental structure admits of no doubt 
that the gigantic species of the Keuper-schiefer, with its Batrachian double con- 
dyle, is at least generically related to the Labyrinthodons of our own sandstones. 
With the deviations from the ordinary Batrachia manifested in the dental struc- 
ture, and in the Crocodilian modifications and sculpturing of the cranium, it 
might reasonably have been anticipated that corresponding peculiarities should 
exist in the locomotive extremities, and fortunately we obtain a clue to this part of 
the organization of lost species by data independent of the osseous remains and 
more copious in the particulars which they reveal. 

The New Red Sandstone has of late years contributed to the ichnological de- 
partment of the history of extinct animals one of its most remarkable and pro- 
blematical examples, in the footsteps of the so-called Cheirothertum. Without reca- 
pitulating the various conjectures to which these impressions have given rise, I 
may observe, that, adopting the opinion of Dr. Buckland and other distinguished 
geologists, that they were the foot-prints of an animal and not vegetable impres- 
sions, I have long entertained the opinion, and have expressed it in my lectures, 
that they were the foot-prints of a reptile and not of a marsupial or other mammal, 
and that this reptile most probably belonged to that family of the class which 
includes the Frog and other anourous Batrachia which offer a similar disproportion 
between the fore- and hind-legs. But, on the supposition of the Cheirothere being 
a Batrachian, it was not less evident that it was quite peculiar and distinct from 
any known Batrachian or other reptile in the form of its feet. The analogy of the 
Crocodilian reptiles would indicate the short and freely-projecting digit to be the 
outer or fifth toe, whilst the closer correspondence of the Batrachian feet would 
prove it to be the inner or first toe ; but the thickness, relative size and position of 
the remaining toes are peculiarities of the Cheirotherian footsteps. 

In the Labyrinthodon, however, we have a Batrachian reptile, and one that differs 
very remarkably from all known Batrachia and every other reptile in the structure 
of its teeth: it is also a Batrachian, which, with strong affinities to the Sauria, ap- 
pears to have presented the same inequality of size between the fore and hind 
extremities as does the so-called Cheirothere: and both the footsteps and the fossils 
are peculiar to certain members of the triassic formations. May we not then be 
justified, upon this evidence, in adding the name Cheirotheriwum to Mastodonsaurus 
and Phytosaurus among the synonyms of the genus LasyrRINTHODON ? 

I have already alluded to footsteps of a different but somewhat allied form, as 
being probably those of the Lab. leptognathus. These tootsteps actually occur 
associated with those of the Cheirotherium on the same slab, in the sandstone quar- 
ries at Storeton, but are more Crocodilian in their character. 
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If it should be proved that the Lab. pachygnathus, the larger and stronger- 
awed species, really had bones of the extremities corresponding with those that 
left the so-termed Cheirotherian impressions, while the impressions of the less ano- 
malous form more closely agreed with the proportions of the osseous remains of the 
smaller and weaker species, the difference of the impressions will probably lead to 
a subgeneric separation. Be that as it may, the evidence that the fossils belong to 
one and the same natural Batrachian family is not thereby weakened. The pro- 
gress of paleontological research may expand the application of the term Labyrin- 
 thodon to the family of Sauroid Batrachians; but at present, to avoid an unnecessary 
multiplication of names, | shall retain it as the generic appellative of the two British 
species and of the gigantic German Salamandroides, whose huge feet might well 
have fitted the impressions of the ‘ Cheirotherium Hercules.’ 


LABYRINTHODON J&GERI. 


Lower Jaw.—Two considerable portions of the posterior half of the lower jaw of 
a large reptile, obtained by Dr. Buckland from the new red sandstone at Guy’s Cliff, 
Warwick, have been referred to in his memoir and in that of Messrs. Murchison and 
Strickland, on the Warwickshire Sandstones. Both specimens are represented of 
the natural size in Plate XLVII. ; one (figg. 1, 1*) includes portions of the angular 
and dentary pieces ; the other (figg. 2 and 3.) is a considerable portion of the 
angular piece. This specimen exhibits on its outer surface (fig. 2.) the same bold 
sculpturing and radiated disposition of the grooves and ridges which characterize 
the bones of the cranium and upper jaw of the Labyrinthodon, figured in Pl. XLII. 
figs. 1 and 9, and Pl. XLVI. fig. 6. But a more important evidence of the affinity 
of the Guy’s Cliff fossil to the previously determined Labyrinthodons is given by the 
canal on the inner and upper part of the angular piece (Pl. XLVII. fig. 3.) for the 
reception of the dentary element. ‘he specimen which includes part of the dentary 
piece still more satisfactorily establishes the generic identity of the large reptile of 
Guy’s Cliff with the Labyrinthodon or Mastodonsaurus, by the size, mode of implan- 
tation, juxtaposition and alternate displacement of the serial teeth (PI. XLVII. fig. 
1*). From the analogy of the Labyrinthodon pachygnathus, the laniariform tusks at 
the anterior part of the jaw must have equalled in size those of the Labyrinthodon 
J@geri, with which gigantic species of Sauroid Batrachian the British species re- 
presented by the Guy’s Cliff fossils is, in my opinion, identical. 

The description and figures of these most interesting fossils in the present me- 
moir have been taken from plaster casts, which Dr. Buckland had, fortunately, 
caused to be made: the originals have been mislaid, aud have, hitherto, been 
sought for in vain. Should they be recovered and the structure of the teeth be then 
examined bf microscopic sections, I venture to predict, from the more obvious 
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characters in the casts, that those sections will confirm my deductions by present- 
ing the peculiar labyrinthine structure. Between the Labyrinihodon Jegeri and the 
foot-prints of Chewrothertwm Hercules, Egerton, the same correspondence of size 
exists as between Lab. pachygnathus and Cheirotherium Kaupu. 


LaBYRINTHODON (ANISOPUS) SCUTULATUS. 


But though the evidence of more than one species of a distinct and peculiar 
genus of large Batrachians in the sandstones yielding the impressions of the Chei- 
rotherium and other Reptilian footsteps be admitted to be valid, and the fossil re- ~ 
mains be allowed to correspond in size with the animals which have left those 
footsteps, yet the opinion which I have formed from a comparison of the texture 
and markings of the bones, that the fragment of humerus and femur, and the iliac 
bone before described, belong to the same species, may not be received with the 
same implicitness ; since they were not discovered in such juxtaposition as would 
indicate them to have formed part of the same skeleton. Other evidence may 
therefore be demanded in proof of the proposition that the Labyrinthodont Batra- 
chians likewise corresponded with the Cheirotherian footsteps in the small size of 
the anterior as compared with the posterior extremities. 

A valuable contribution towards the required demonstration is afforded by the 
specimen, with the description of which the present paper terminates: this speci- 
men (Pl. XLVI. fig. 1.) consists of a closely and irregularly aggregated group of 
bones, manifestly belonging to the same skeleton, and including four vertebre 
more or less complete, portions of ribs, four long bones of the extremities, one end 
of a large flat bone, and several small dermal osseous scuta, all cemented together 
by a mass of soft sandstone. This highly valuable and unique fossil was discovered 
in the new red sandstone at Leamington, and was transmitted to me for examina- 
tion in the course of last summer by Dr. Lloyd. Being at that time unacquainted 
with any other than the dental characters of the Labyrinthodon, I had no evidence 
of the relationship between that genus and the present fossil, for this presented 
no trace of teeth. I shall first give the notes which I originally took of this 
fossil, and afterwards enter upon the comparisons which prove it to belong to the 
same family, if not to the same genus, as the Warwickshire Batrachians. 

The group of bones from the new red sandstone at Leamington belong to a small 
reptile with the biconcave system of vertebre, but which, from the length, struc- 
ture, and form of the long bones of the extremities, must have been of terrestrial 
rather than marine habits, and which had the skin defended by numerous 
small rhomboidal bony scutes, with a smooth central surface, and with the outer 
surface sculptured by three or four longitudinal ridges (fig. 5.). This reptile 
has had four legs, and the hind-legs have been at least twice as long and as 
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strong as the fore. Of the bones of these extremities there may be recognised 
a humerus, a femur, and the two tibie. The humerus (fig. 1, A.) is one inch in 
length, regularly convex at the proximal extremity, expanded both at this and 
the distal extremities, and contracted in the middle. There is a portion of a some- 
what shorter and flatter bone, bent at a subacute angle with the distal extremity of 
the humerus, and which presents the nearest resemblance to the anchylosed radius 
and ulna of the Frog. Both the extremities are wanting in the femur (fig. 1, f.), 
the shaft of which is slightly bent, and is subtrihedral ; its walls are thin and com- 
pact, and include a large medullary cavity. The tibia (fig. 1, ¢.) is as long, but 
thicker and stronger than the femur ; both tibiz have lost their articular extremi- 
ties, but both exhibit that remarkable compression of their distal portion which 
characterizes the corresponding bone in the anourous Batrachia, and both likewise 
exhibit the longitudinal impression along the middle of the flattened surface ; the 
length of the most perfect of these shafts of the tibia is two inches one line. 

Associated with these bones is the extremity of a broad and compressed bone, 
which bears most resemblance to a portion of lower jaw, but does not afford the re- 
quisite characters for precise determination. ‘The breadth of the entire end is one 
inch three lines ; this is terminated by a gently convex outline ; the fragment slightly 
contracts towards its broken end, which is one inch broad ; one surface of the frag- _ 
ment is slightly convex; the opposite surface rises into a broad, obtuse, longi- 
tudinal ridge; the fractured surface exhibits a central medullary cavity, sur- 
rounded by a close cancellous structure, varying from one to two lines in thickness. 
If, as appears at first sight, it formed any part of the lower jaw, the proportions 
of the head of this Batrachian reptile must have been enormous; and the same 
disproportion opposes itself to the comparison of this bone with the expanded sa- 
crum of the Toad, or with the scapula, coracoid, ischium or pubis, at least, if we take 
these bones in any known reptile as the standard of comparison. Nevertheless the 
deviations from ordinary proportions which extinct species occasionally present in 
parts of their skeleton, as e. g. the cervical vertebrz in the Plesiosaurus, the fingers 
of the Pterodactyle, &c., forbid the rejection of the idea, that the bone in question 
may have actually formed part of the same skeleton with the contiguous bones 
of the extremities and vertebre. 

The most perfect of these vertebree is four lines in length ; the vertical diameter 
of the articular extremity two lines, its transverse diameter one line and a half. 
Each terminal articular surface is pretty deeply and regularly concave, with the 
periphery convex: in two of the vertebrz these surfaces slope in a parallel direc- 
tion obliquely from the axis of the body, as in the dorsal vertebree of the Frog, and 
are not, as usual in Saurians, at right angles with that axis ; so that they indicate 
an habitual inflection of the portion of the spine formed by them, analogous to that 
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which we observe in the humped or bent back of the Frog. But the vertebra of 
existing caducibranchiate Batrachians have their posterior auricular surface convex, 
and are articulated, as is well known, by ball- and socket-joints: the biconcave 
vertebre, therefore, of the extinct reptile under consideration would indicate its 
affinity with the more fish-like forms of the Batrachian order. The neurapophyses 
are anchylosed completely, without trace of suture, with the vertebral body, which 
is also a Batrachian character among existing reptiles: * they rise in the present 
fossil vertically and parallel with each other, are nearly coequal in length with the 
centrum, and are joined above by a broad and flat basis of the spinous process, 
from each angle of which the oblique or articular processes are continued ; the sur- 
faces of these processes are flat ; the plane of the anterior ones looks upwards, that 
of the posterior ones downwards. A long and strong transverse process is sent 
off from each side of the base of the neurapophysial arch. The spinous process 
arises from the whole length of the middle line of the neurapophysial arch ; it is 
not very high (about half a line) ; its chief peculiarity is the expansion of its elon- 
gated summit into a horizontally flattened plate, the sides of which slightly over- 
hang the base of the spine; the upper surface of this plate is sculptured by irre- 
gular pits, and this character strongly indicates a similar structure of the flat bones 
of the cranium. The large atlas of the Toad presents a similar flattening of the 
summit of its elongated spine. The sides of the body of the vertebra are smooth, 
concave in the longitudinal direction, owing to the lateral compression of the part 
below the transverse processes ; the lower part of the body slopes inwards on each 
side to a median, inferior, slightly marked ridge. 

In comparing these vertebrae with those of other reptiles, extinct and recent, 
although the biconcave structure is most prevalent in the species from strata below 
the chalk, yet the anchylosis of the vertebral arch, the obliquity of the centrum, 
the terminal expansion of the spine, and the depth of the articular depressions, 
indicate the Batrachian character of the present vertebre. The aquatic Salaman- 
ders, including the gigantic species from Japan, and the great extinct Salamander 
of Scheuchzer, with all the Perennibranchiate Batrachia, have both extremities of 
the vertebra concave; but these concavities are generally conical, not hemisphe- 
rical, as in the fossil: the neurapophyses in the fossil are higher, the spinal canal 
is deeper and wider, and the spinous process stronger and more expanded supe- 
riorly, than in the lower Batrachians. 

The portions of ribs in the present fossil are few and small, but sufficient to in- 
dicate that the extinct reptile in question possessed them longer and more curved 
than in any existing species. Here then is demonstrated an important Saurian 


* This structure prevails in the vertebra of certain extinct Saurians. 
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modification of the thorax, which could only be inferred from the structure of the 
nasal cavity in the larger Labyrinthodons. And the light which the small reptile 
from the Leamington sandstone thus throws upon the organization of the larger 
Warwickshire Sauroid Batrachia is the more valuable on account of the corre- 
spondence of their vertebral characters, and of the proportions of their locomotive 
extremities. But the decisive evidence of dental structure is still wanting; nay, 
more, it may be objected that the Leamington fossil exhibits a character, in the 
small, bony, dermal sculptured plates, not yet found in the Warwick or Wirtem- 
berg Labyrinthodons, which seems to remove it from all Batrachia—the naked 
reptiles, as they are emphatically termed ,—and to approximate it to the Loricated 
order. Unquestionably these scuta form a striking instance of the Crocodilian afti- 
nities of the Leamington Batrachian ; but we have already seen the same affinities 
manifested in other parts of their organization, by the Warwick and Wirtemberg 
Labyrinthodons. As these detached superficial bones are the most liable to be 
separated from the fragmentary skeleton of the individual they once clothed, the 
mere negative fact of their absence, when so small a proportion of the bones of the 
trunk of any Labyrinthodon has yet been found, is insufficient to prove a difference 
of dermal structure between the Leamington and Warwickshire species. 

No anatomist, indeed, can contemplate the extensive development and bold sculp- 
turing of the dermal surface of the cranial bones in the Labyrinthodontes pachy- 
gnathus and leptognathus, without a suspicion that the same character may have 
been manifested in bony plates of the skin in other parts of the body. And grant- 
ing that this structure existed, to what extent, it may be asked, does it affect the 
claims of the Labyrinthodon to be admitted into the order of Batrachia, in which 
every known species is covered with a soft, lubricous and naked integument? To 
this question it may be replied, that the skin is the seat of the most variable characters 
in all animals; and, if considered apart from the modifications of the osseous and 
dental systems, is apt to mislead the naturalist who is in quest of the real affinities of a 
species. Suppose, for example, that the existing Chelonian reptiles were exclusively 
mud-tortoises, or with a soft and naked skin, as in the species of Trionyx and Sphargis, 
would the discovery of the osseous carapace of a true Testudo, in a fossil state, in 
connexion with a skeleton in other respects essentially corresponding with the modi- 
fications exhibited by a Trionyx, prohibit the association of the fossil in the same 
order of reptiles with the Trionyx, because of the indication of the scutes? It un- 
questionably ought not to affect such a determination. And so with respect to the 
Labyrinthodont Batrachia ; if all the species have pushed their affinities to the 
Crocodilians so far as to have had their trunk defended by bony dermal plates, yet 
their double occipital condyle, their comparatively simple lower jaw, their large 
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palatal vomerine bones and teeth, and the other osteological characters already 
detailed, must still be deemed decisive of their essentially Batrachian nature. 

If the evidence which I have been enabled to adduce in the present paper be 
compared with that previously recorded relative to fossils of the Batrachian family, 
the additions to this department of Paleontology will be found as follows :— 

With the exception of the posterior fragment of the skull, on which Professor 
Jaeger’s Salamandroides giganteus is founded, no Batrachian fossil had been detected 
anterior to the miocene tertiary period. The characters of Prof. Jaeger’s fossil in- 
duced him to regard it as closely allied to the gigantic Newt or Salamander,—the 
Homo diluvii testis of Scheuchzer. It is placed between that fossil, which is the 
Salamandra gigantea of Herm. V. Meyer, and the Triton Noachichus of Goldfuss, in 
the ‘ Palzologica’ of the former author. But the double condyle of the Sala- 
mandroides is a character also presented by the Cecilie, which some naturalists 
still class with the Ophidian reptiles. In the Catalogue of Fossil Batrachians* 
published by Dr. Tschudi, the Salamandroides of Jaeger is omitted: he com- 
mences his list by the statement, that, in epochs anterior to the Molasse, there is 
not, with certainty, known to be any trace of the fossil remains of Batrachiaf. 
M. Tschudi, with many other continental palzontologists, although admitting the 
identity of the Salamandrotdes and Mastodonsaurus, place both fossils in the Sau- 
rian group. 

The present researches afford additional evidence of the Batrachian character of 
the Salamandroides of the Alaunschiefer of the German Keuper; and they show 
that it is not merely a Batrachian, like the Salamander, but is a member of a peculiar 
family of Sauroid Batrachia, the more important characters of which were before 
unknown. It has now been demonstrated that this family, the species of which 
characterize and are peculiar to the new red sandstones, had a dental system 
differing from all other Batrachia in the inequality of size of the front and back 
teeth, the former being developed into great laniariform tusks ; and that the teeth 
differ from those of all other animals in their peculiarly complex labyrinthine struc- 
ture, whence the name of the family ; which, at present, I use generically. The 
extinct Labyrinthodonts deviated from the Salamanders and other Batrachia in the 
Crocodilian development and sculpturing of the external and superior bones of the 
cranium, and in the structure of the pelvis, in which also they approximated to the 
Crocodiles: and one species certainly, and the others probably, receded from the 
Batrachia, in the same direction, in having dermal osseous plates. 


* In the Mémoires de la Société des Sciences Naturelles de Neuchatel, tom. ii. 4to. 1839. 
+ “ Aus den der Molasse vorausgehenden Epochen, lassen sie mit Gewissheit keine spuren fossiler 
Ueberreste von Batrachiern nachweisen.”—p 19. 


Labyrinthodon from Warwickshire. 543 


The minor differences in the vertebre and other parts noticed in the foregoing 
descriptions need not here be repeated, but sufficient has been recapitulated to show 
that the extinct Batrachians that characterize the new red sandstones once consti- 
tuted a family of that order, hardly less remarkable or better defined in its charac- 
ters than the equally extinct family of Enaliosaurs in the highest order of reptiles. 
It is not, perhaps, too sanguine an expectation to anticipate that subsequent re- 
searches may show that the Labyrinthodont family is not less rich in species, 
manifesting subgeneric modifications of the typical structure. 

The following are those which at present are known :— 


Labyrinthodon Jegeri. 
pachygnathus. 
| \eplognar ius. 


———__—_—_ ventricosus. 
—_———_——— scuiulatus. 
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XXXIII.— Memoir descriptive of a Series of coloured Sections of the Cuttings 
on the Birmingham and Gloucester Railway. 


By H. E. STRICKLAND, Esa., M.A., F.G.S. 
[Read June 10, 1840, and June 16, 1841.] 
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PREFACE. 


A FEW years ago, when the various lines of railway in this country were first 
projected, it was usual to hear geologists congratulate themselves on the acquisi- 
tions which the science would receive from the numerous opportunities that would 
be thus afforded for studying the British strata. These anticipations have been 
in some degree fulfilled, but it is undeniable that during the last ten years many 
golden opportunities of studying geological phenomena and collecting specimens 
have been irrecoverably lost, in consequence of the railway sections not having 
been visited by geologists during the brief period when they were exposed to view. 
The practice commonly followed by engineers of covering up the “‘ slopes” or sides 
of the cuttings with vegetable soil as soon as the excavations are completed, detracts 
greatly from the advantages which the science would otherwise derive from them ; 
for unless some geologist happens to inspect the section at the right moment, the 
interesting phenomena which it discloses are buried for ever beneath the verdant 
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sod. The only remedy for this evil seems to be for each line of railway to be 
systematically surveyed by a competent geologist, who should pay repeated visits 
to every section during the time of its excavation, in order to collect minerals and 
fossils, and to record the features of its stratification. It would be highly desirable 
if each railway company had a professed geologist on its staff, but as such an ap- 
pointment would probably be considered foreign to the objects of these companies, 
the ends of science might perhaps be attained if the Geological Society were to 
make applications to the several railway companies, requesting from them a series 
of their published sections, the colouring of which might be undertaken by some 
member of the Society. Such sections, even if uncoloured, are still valuable as 
containing a vast fund of accurate measurements, levellings, and other geographical 
facts, which it is desirable to possess in our archives. But, if the geological phe- 
nomena be superadded to these sections by the aid of colour, it is evident that 
such documents will acquire the utmost value. And we must remember that the 
means of doing this is fast passing away ; in a few years all the important lines of 
railway will have been completed, and future geologists will perhaps sigh for the 
opportunities which their ancestors neglected. 

Anxious to contribute towards so desirable an end, I gladly yielded to a request 
made to me by Captain Moorsom, chief engineer of the Birmingham and Glouces- 
ter railway, to undertake a geological survey of that line. To Capt. Moorsom the 
Society are indebted for the accompanying lithographed sections, to which I have 
added the geological colouring ; and I must here express my obligations to that 
gentleman, as well as to Capt. J. Vetch, F.G.S., for much valuable assistance 
during the survey*. The line had previously been surveyed by Mr. F. Burr (see 
Geological Proceedings, vol. ii. page 593), and I am happy in bearing testimony 
to the general correctness of his observations ; but as none of the excavations were 
commenced when he made his survey, he had no other data than the ‘‘ trial shafts” 
sunk from time to time, which of course could not exhibit geological phenomena 
with the same accuracy as open cuttingsf. 

The Birmingham and Gloucester railway is not perhaps geologically one of the 
most interesting lines, because, from running nearly parallel to the strike of the 
strata, it passes through but a small succession of formations. This circumstance, 
however, causes each stratum to be exposed in greater detail, and affords a wider 
scope for local variations. . 


* The sections here referred to, consisting of thirty-five folio sheets, are deposited in the Society's 
Collection of Maps, &e. 

+ The lithographed sections being made for engineering purposes alone, exhibit a great disproportion 
between their vertical and horizontal scales; the former exceeding the latter in the ratio of about 13 
to 1. In the portion of these sections introduced in the Plate this disparity is diminished one half. 
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Description of the Deposits. 


§ 1. New Red Sandstone —The geological starting-point on this railway does not 
coincide with either of its locomotive termini. The lowest rock exposed is on the 
anticlinal axis of the Lickey, about ten miles S.S.W. of Birmingham. It will be 
remembered, that in the description given by Mr. Murchison of the Bromsgrove 
Lickey *, the effects of that trappean eruption are stated to extend many miles 
towards the S.S.E. in the shape of a long elevated tract called the Ridgeway, form- 
ing the western watershed of the river Arrow. The transverse sections of this ridge, 
afforded by the railway as well as by the Birmingham and Worcester canal a mile 
further south (see Burr, Geol. Proceedings, vol. ii. p. 594), sufficiently prove an 
anticlinal arrangement of the strata. 

The cutting No. 95.+ on the engineering section{ crosses the anticlinal ridge 
of the Lickey, and being excavated to the great depth of fifty-six feet, it was natu- 
rally expected to exhibit some points of interest. About half a mile to the north 
of it, trap rock appears in situ§, elevating and altering the Caradoc sandstone or 
Lickey quartz. Neither of these rocks, however, appear in the railway excava- 
tion, which exhibits nevertheless clear proofs of the disturbance attending the up- 
heaval of the Lickey. 

The lowest rock visible in this cutting is a mass of very hard brownish or red- 
dish sandstone, commencing about fifty yards to the east of the post which marks 
the railway summit, and extending about seventy yards to the eastward, where it 
attains the height of twenty feet above the railway, and is suddenly cut off by a 
nearly vertical fault (see section, Pl. XLVIII. figs. 1, 2.). Some of the beds of 
this sandstone are of a grey colour and uniform compact texture, with specks of 
white decomposed felspar ; others are coarser-grained and of a brown or reddish 
tint, containing rolled fragments of ferruginous or dark red indurated marl. No 
organic remains were noticed in it, and it hence becomes difficult to fix the 
precise age of this rock. I at first considered it to be a portion of the Caradoc 
sandstone of the Lickey, but from a closer inspection of its mineral characters 
I should prefer classing it in the ‘‘ Lower New Red Sandstone” of Mr. Mur- 
chison. 

The strata of this rock dip at the high angle of about 60° to E.S.E., or from the 
great mass of trap composing the Upper Lickey (see Mr. Murchison’s map). 

The rock above described is overlaid unconformably by a vast mass of conglome- 
rate belonging to the ‘‘ Upper New Red ” or bunter sandstein. The latter deposit 


* Silurian System, p. 569. { See sheet 24 of the lithographed sections. 
+ The account of this cutting was read June 16th, 1841. § See Silurian System, p. 495. 
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exhibits an imperfectly anticlinal arrangement*. On the east of the fault above 
mentioned, it dips about 5° to E.S.E., while on the western side its dip may be 
estimated at about 5° to the S.S.E. or S. The bedding is however so irregular that 
great accuracy on this point is not attainable, but it will suffice to state, that the 
stratification never departs far from horizontality, and is hence most strongly con- 
trasted with that of the highly inclined sandstones above described, on which the 
conglomerate reposes. 

The cutting here described affords a rare opportunity of inspecting the conglo- 
merates of the upper new red sandstone. For the depth of nearly sixty feet the 
section consists almost exclusively of rounded pebbles imbedded in soft red sand. 
The resemblance of this deposit to ordinary diluvial gravel is so perfect, that when 
the excavations were first begun, I considered it as such, and it was not till the 
completion of the cuttings, that I became undeceived. The gravel is now not only 
seen to contain numerous wedge-shaped masses of red sandstone and red marl 
(exhibited in the section, Pl. XLVIII. fig. 2.), but it is further shown to underlie the 
regular thick-bedded sandstone at each end of the section, so that its antiquity is 
thus most clearly proved. 

From this stratum of new red conglomerate a large portion of the superficial or 
diluvial gravel of the surrounding counties has evidently been derived. At least 
nine-tenths of the pebbles of the conglomerate consist of quartz, either white and 
crystalline, or brown and granular, the latter doubtless derived from altered sand- 
stones, such as are still seen in situ at the Lickey. The remaining portion of the 
pebbles includes various trap rocks, chiefly porphyritic, which are often decom- 
posed into the condition of clay. Boulders of a hard quartzose conglomerate, 
probably derived from the old red system, also occur, together with pebbles of 
chert inclosing casts of Spirifers and Crinoideat. ‘The beds of conglomerate are 
interspersed and dove-tailed with bands of soft red sandstone, loose sand, and 
occasionally red marl, in the manner represented in fig. 2. Pl. XLVIII. At each 
end of the section, the conglomerates are seen to be overlaid by beds of massive 
red sandstone, varying in texture from a compact rock to a loose sand, which 
again appears about a mile to the S.W., in the cutting No. 89, at the top of the 
inclined plane. 

The point which appears of the greatest interest in the section here described, is 


* The arrangement of the new red sandstone on the south side of the Lickey is more properly mantle- 
formed than anticlinal. On the line of the railway the dip sweeps round from E.S.E. to S.S.E., S., and 
W.S.W. 

+ These fragments of chert appear to indicate a considerable transporting power in the sea which de- 
posited the new red conglomerate, no chert being now known nearer than Derbyshire, a distance ef about 
fifty miles from the Lickey. | 
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the unconformability of the lowest rock, above mentioned, with the overlying new 
red conglomerate. Assuming that the lowest rock is correctly identified with the 
‘* Lower New Red,” it follows that we thus obtain a tolerably exact date for the 
principal protrusion of the volcanic rocks of the Lickey. The sandstone in ques- 
tion dips at the high angle of 60° directly from the trap rocks, which exist in situ 
a short distance to the north-west, and it is overlaid by conglomerates which are 
not far removed from horizontality. It is therefore clear, that these trap rocks 
must have been erupted after the deposition of the lower new red, and before the 
conglomerates of the upper new red, and it is probable that the rolled pebbles of 
the conglomerate were derived in great measure from the shattered strata which 
were thus upheaved in the immediate vicinity*. It is further to be inferred, that 
additional elevations of the region of the Lickey took place at a later date, for we 
find these overlying conglomerates traversed by a fault, and upheaved into an anti- 
clinal position, which may be traced on each side of the ridge as far up in the 
series as the saliferous marls, Indeed it is probable that some of the dislocations 
connected with the Lickey were later than the age of the lias, for in the south of 
Worcestershire and Warwickshire the lias and red marl are affected by several 
extensive faults, the directions of which have an appearance of radiating from the 
Lickey. (See Geol. Trans. vol. v. pp. 333, 335.) 

In Groveley Hill (fig. 1.), on the north-east of the Lickey ridge, the red sand- 
stone passes occasionally into a hard conglomerate of quartz pebbles with a calca- 
reous paste, forming nodular masses and thin strata. Similar conglomerates are 
described by Mr. Murchison as occurring in the upper new red sandstone in 
several parts of Worcestershire, Staffordshire and Warwickshiret. A considerable 
dislocation appears to traverse this hill, for, at the north end of Groveley Tunnel, 
the strata dip about 30° N.E., while at the south end the inclination is only about 
3° S.E. (See the section, Pl. XLVIIL. fig. 1.) 

At Finstal, on the south-west flank of the Lickey ridge, the upper portion of the 
sandstone becomes light-coloured, contains obscure vegetable impressions (fig. 1, 
upper line), and is a prolongation of the stratum of light-coloured sandstone with 
vegetables exposed at Breakback Hill on the west of Bromsgrove}. These decom- 
posed fragments of plants form the only examples of organic remains exposed by 
the railway-cuttings in the new red sandstone. 


* The age here assigned to the trap rocks of the Lickey coincides with that attributed to them as well 
as to those of Abberley and Malvern by Mr. Murchison (Silurian System, p. 67), though I believe he 
had nowhere noticed an example of unconformity between the upper and lower new red, such as is here 
exhibited. The elevation of the Nuneaton district seems also referable to the same epoch. 

+ See Silurian System, p. 42, and Geol. Trans. 2nd Series, vol. v. p. 347. 

t See Geol. Trans. 2nd Series, vol. v. p. 341. 


VOL. VI.—SECOND SERIES. 4B 


550 Mr. Srrickianp on the Geology of the line 


§ 2. Red Marl.—The red or Keuper marl overlies the new red sandstone on 
each side of the Lickey ridge. On the north-east it is traversed by the line of rail- 
way from Groveley Hill to Birmingham, which town stands on the new red sand- 
stone, but is closely skirted by red marl on.the south and east. The same for- 
mation extends from Birmingham along the London railway as far as Berkswell, 
forming, in North Warwickshire, a basin of red marl with the small lias outlier of 
Knowle in the centre*. This great extension of red marl was not known at the 
time of the construction of Mr. Murchison’s map, in which the new red sandstone 
of Warwickshire is carried too far to the southward. The true boundary of the 
marl and sandstone ranges from Hewell Grange nearly north by Cofton Hacket to 
Northfield, and thence north-east to the south suburbs of Birmingham. The 
course of the railway is nearly parallel to this boundary line. 

On the south-west side of the Lickey ridge, the new red sandstone becomes 
marly and thin-bedded in the upper part, and eventually passes into the incumbent 
red marl. The latter retains an inclination of 6° to 8° south-west, resulting from 
the elevation of the Lickey ridge, till we reach the salt-works at Stoke Prior t. 
The deep excavation made at this place is fully described by Mr. Murchison (Sil. 
Syst. p. 31), and I will therefore only remark, that, from the dip of the strata ex- 
posed by the railway, it is evident that the position of the salt rock must be near 
the bottom of the marl immediately above the sandstone. 

The red marl presents no other feature of importance till we reach the neigh- 
bourhood of Hadsor, where the railway crosses a promontory of lias projecting 
from the main body of that formation (Pl. XLVIII. fig. 3.). On the north side, the 
marl is cut off by a fault, but on the south, at Dunhamstead, is an interesting sec- 
tion of the junction of the two formations. 

The following section is here exposed :— 

a. Lias clay, with contorted beds of lias limestone containing saurian bones. 
b. White micaceous sandstone, two feet. 
c. Lias clay, six feet. 
d. Grey marl, thirty-five feet. 
e. Red marl. 
‘ The whole dipping 5° N.N.E. 

The sandstone b has much resemblance to the ‘‘ Keuper sandstone”’ described 
in Geol. Trans. vol. v. p. 332, but it occurs considerably higher in the series. It 
here contains numerous specimens of a smooth oval bivalve, larger and more oblong 
than the Posidonomya minuta of the Keuper (Geol. Trans. vol. v. Pl. XXVIII. fig. 4.), 


* See Geol. Trans. 2nd Series, vol. v. p. 336. 
+ See sheet No. 20 of the Railway Section, and Plate XLVIII. fig. 1, upper line. 
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but too imperfect to exhibit generic characters*. In the hill south of Dunham- 
stead is a fault which causes the grey marl to abut against the red, as seen in the 
Railway section, sheet 17, and Pl. XLVIII. fig. 3. of this volume. 

For the next five miles the railroad runs through red marl in a valley between 
the escarpment of the lias and a ridge caused by the ‘‘ Keuper sandstone.”’ On the 
south-east of Spetchleyt is a dislocation which causes the Keuper sandstone to 
change its strike from south by east to south-west, forming a projecting angle which 
is intersected by the railroad. The stratum is here but a feeble representative of 
the Keuper sandstones of Burg Hill, Inkberrow, and Shrewleyt, consisting chiefly 
of greenish marl with thin lamine of white sandstone, the whole forming a deposit 
of about twenty feet thick, with red marl both above and below. The bands of 
sandstone vary rapidly in thickness, and one wedge-shaped solid mass, about thirty 
feet long, is two feet thick in the middle, and thins out entirely at each end. 

§ 3. Lower Lias.—About a mile further south, at Norton$, the railway traverses 
the lias escarpment, which presents a section exactly analogous to that at Dunham- 
stead, showing the same succession of lias-limestone, clay, white thin-bedded sand- 
stone, grey marl, and red marl. The sandstone also contains the oval bivalve 
met with at Dunhamstead. 

About a mile south of this point, the lias clay contains many calcareous con- 
cretions abounding with shells, including Plagiostoma giganteum||, P. duplicatum, 
P. Hermanni, Goldf., Terebratula ornithocephala, Modiola minima, and a Caryo- 
phyllea, which is remarkable from the general scarcity of corals in the lias for- 
mation. Further south, near Abbott’s Wood, the beds of fissile sandstone at the 
base of the lias are again exposed on the railway, being brought up by a fault. 
Thence the lias clay presents little interest till we reach Defford (Pl. XLVIII. fig. 5.), 
where numerous specimens of Pachyodon Listeri (Stutchbury, Annals Nat. Hist., 
March 1842) (Unio Lastert, Sowerby), Gryphea incurva, Astarte lurida, Plagio- 
stoma punctatum, P. duplicatum, and several apparently new species of Ammonites, 
Modiola, &c., occurred in the cuttings. 

The same shells are found also at Eckington (fig. 5.), onthe south of the Avon ; 
but at Bredon (fig. 5.) we reach a higher stratum of the lias clay, and meet with 
an almost entirely distinct set of organic remains, among which Plewrotomaria 
Anglica, Hippopodium ponderosum, Gryphea Maccullochi, Nautilus striatus, Phola- 


* In a paper read December 1841, I have shown that this band of sandstone is the true equivalent of 
the “ Bone-bed” of Somerset and East Devonshire. Note, 1842. 

+ See sheet No. 14, and Plate XLVIII. fig. 4. 

} See Geol. Trans. 2nd Series, vol. v. p. 332 et seg. § See sheet No. 13,and Plate XLVIII. fig. 4. 

|| All the shells included in this and the following lists are described in Sowerby’s Mineral Concho- 
logy, unless a different authority is given. 

q The name Pachyodon having been previously used by Von Meyer for a vertebrate genus, should 
here be superseded by the term Cardinia of Agassiz. 
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domya ambigua, Modiola scalprum, Plagiostoma punctatum, P. duplicatum, Plicatula 
spinosa, Spirifer Walcotti, Corbula cardioides (Phill.*), Amphidesma donaciforme 
(Phill.), Pecten sublevis (Phill.), Ammonites’ planicosta, A. obtusus, A. Turneri, A. 
Conybeari, and A. Birchi, have been identified. Between Bredon and Cheltenham 
the ground is very level, and but few sections of importance occur; but at the 
latter town, and between it and Gloucester, the excavations in the lias clay are 
very extensive, and have supplied large collections of organic remains to the 
cabinets of the Cheltenham geologists. 

Some of these fossils are enumerated in Mr. Murchison’s memoir on the Geology 
of Cheltenham, but a considerable number of species, especially of Ammonites, 
appear to be new, as I have been able as yet to assign names to only the three 
following :—Ammonites armatus, Sow., A. ovatus, Young and Birdt, and A. lenti- 
cularis, Young and Bird. With the exception of the Hippopodium ponderosum, 
Gryphea Maccullochi, and one or two others, the Cheltenham fossils are wholly 
distinct from those of Bredon, proving how small a difference of vertical position 
will effect an almost total change of organic remains. At Hewlitts, east of Chel- 
tenham, the lias near the base of the marlstone presents another series of distinct 
fossils, consisting of Hippopodium ponderosum (rugose variety, perhaps a distinct 
species), Modiola scalprum, Spirifer granulosus, Goldf., Terebratula rimosa, Bronnt, 
Perna ventricosa, Pachyodon attenuatus, Stutchb., Littorina wnbricata (Trochus 
imbricatus, Sow.), Ammonites Henleyi (A. striatus, Rein., A. heptangularis, Young, 
A. Cheltiensis, Murchison §), &c., so that in the lower lias alone we have evidence 
of at least five well-marked successions of molluscous faune ranging through a 
vertical height of about 400 or 500 feet, and unaccompanied by any change in 
the mineral character of the deposit. 

Having now described the secondary formations along the line of the railway, 
we will recommence at the Birmingham end, and examine the deposits of superficial 
detritus. 

The phenomena exhibited by the railway cuttings are entirely confirmatory of 
the views which I have announced elsewhere|| respecting the distinction between 
those ancient terrestrial alluvia in which mammalia occur and the general mass of 
submarine drift which covers most parts of the island. In pursuance of these 
views, the ancient superficial detritus of this district may be divided, according to 
its efficient cause, into fluviatile and marine; the latter, according to its origin, 
into local and erratic ; and this again, according to its composition, into gravel with 
flints and without flints. 

* Geol. Yorkshire, Part 1. + Geological Survey of the Yorkshire Coast, 4to, 1828. 

{ Lethea Geognostica, p. 292, Taf. 18, f. 6. 


§ Outline of the Geology of the neighbourhood of Cheltenham, 1834. 
|| See Report of British Association, vol. vi. Sections, p. 61. 
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§ 4. Marine erratic gravel without flints.—This detritus occurs at intervals along 
the railway from Birmingham till the line approaches the valley of the Avon. Vast 
accumulations of it (the ‘‘ Northern drift’? of Mr. Murchison) occur on all sides 
of Birmingham. My own personal inquiries addressed to resident geologists, rail- 
way engineers and excavators, aided by printed queries circulated in the Geological 
Section of the British Association* at Birmingham, all tend to prove the utter 
absence of mammalian remains in the deposits of this class in that neighbourhood. 
Chalk flints, though not absolutely wanting in the Birmingham gravel, are yet so 
extremely rare, as to prove that the current which transported it came from the 
north, and not from the east, and furnish a well-marked distinction from the flinty 
gravel described below. 

At Mosely the railway is cut through a vast deposit of this gravel upwards of 
eighty feet thick, reposing upon red marlt. It is composed of rolled pebbles, 
rarely exceeding four inches in diameter, of various granitic and quartzose rocks 
and altered sandstones, imbedded in clean ferruginous sand devoid of argillaceous 
matter. A stratum of sand about thirty feet thick, free from pebbles, occurs in 
the middle of the gravel. 

Between Mosely and the Lickey the railway-line is in general free from gravel. 
The only mass of stone of sufficient size to deserve the name of an erratic block 
occurred on the line of the railway between Cotteridge and Wytchall{, and re- 
poses on the red marl. It is shapeless, about five feet by four, with the angles 
partially rounded, and consists of greyish porphyritic trap. 

Patches of gravel of this class occur on each flank of the Lickey ridge, though 
none, as before shown, were found on its summit at the part traversed by the 
railway. The singular manner in which the gravel reposes on an irregular surface 
of new red sandstone is shown in the cutting at the summit of the inclined plane, 
Pl. XLVIII. fig. 1. This superficial drift closely resembles the genuine new red 
conglomerate seen in the cutting on the Lickey ridge, as it consists in great mea- 
sure of the same materials, but it may be distinguished by containing, in addition, 
many fragments of slaty rocks, and by the sand in which the pebbles are imbedded 
being freer from red argillaceous matter, and consequently of a whiter colour. 
This gravel attains on the line of the railway a height of 544 feet above the sea 
(not 387, as misprinted, or 587, as corrected in the Proceedings, vol. 11. p. 316). 
I may here remark, that the gravelly soil of the Lickey Beacon, 900 feet high, 
which has been quoted as an example of superficial gravel at a great elevation, 
may very probably not be derived from these recent or ‘‘ diluvial” deposits, but 
from the genuine new red conglomerate, though its existence in situ cannot be de- 


* See Report of British Association, 1839, Sections, p. 71. + See sheets 30 and 31. 
{ See sheet 28. 
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termined in consequence of the want of sections. For the present, therefore, the 
above-mentioned elevation of 544 feet is the greatest which can be assigned with 
certainty to the superficial gravel or ‘‘ Northern Drift” of this part of England. 

The next locality where gravel occurs is at Sugars Brook*. This deposit con- 
sists of quartzose pebbles, commonly less than three inches in diameter, and rarely 
equal to six. No stratification is observable. The surface of the bed is about 
twelve feet above the brook, and from its low position it appeared likely to belong 
to the fluviatile class, and to contain mammalian bones ; but though many thousand 
tons of gravel have been raised for the use of the railway, I have not been able to 
learn that any organic remains have been found in it. 

From this point no more gravel occurs on the line of the railway for the next 
sixteen miles ; but a few hundred yards east of it, at Abbott’s Wood, is an exten- 
sive deposit of quartzose gravel, mixed with ferruginous sand devoid of flints, and 
resting upon lias clay. Here also large quantities of gravel have been extracted, 
but the evidence of the engineers and workmen is unanimous as to the absence of 
organic remains. 

§ 5. Marine erratic gravel with flints.—It was stated in a paper read at the Liver- 
pool meeting}, that the gravel to the south-east of the Avon in Warwickshire and 
Worcestershire abounds in flints, indicating a current from the chalk district lying 
to the eastward, and accordingly no sooner does the railroad pass that river than we 
find a very large per centage of flints in the gravel. The village of Bredon stands 
on a platform about seventy feet above the ordinary surface of the Avon, capped 
with an extensive deposit of this kind of gravel from ten to fifteen feet thick}. It 
reposes on an uneven surface of lias, and is mixed with much ferruginous clay. 
Its height above the Avon valley, though slight, has been sufficient to protect it 
from the modifying effects of fluviatile agency, and hence the extensive excavations 
near Bredon have furnished no example of mammalian bones. 

§ 6. Fluviatile gravel.—The only instance of this description of detritus on the 
railway-line is on the two flanks of the Avon, at Defford and Eckington§. On 
either side of the river is a tabular platform, the surfaces of which do not exceed 
forty-five feet above the Avon; and they are capped by about ten feet of gravel, 
precisely similar in composition to the flinty gravel of Bredon, but with this im- 
portant difference, that it contains an abundance of mammalian remains. These 
were found chiefly in the cutting in the north of the village of Eckington. The 
bones occur principally at the lower part of the gravel, and often on the surface of 
the subjacent lias clay, about thirty-five feet above the river. They are accompanied 
with numerous freshwater shells, agreeing in species with many of those enumerated 


* See Plate XLVIII. fig. 1, upper line. t See sheet No.7. and Plate XLVIII. fig. 5. 
+ See Report of Brit. Assoc., vol. vi. Sections, p. 62. § See sheet No. 9, and Plate XLVIII. fig. 5. 
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in Mr. Murchison’s Silurian System (p. 555) as found in a similar position at 
Cropthorne, a few miles higher up the Avon. The most abundant species are the 
Cyclas amnica and C. cornea. Great numbers of the bones have been broken and 
lost by the carelessness of the workmen ; but those which have been preserved, 
and which are in the cabinets of the Worcestershire Natural History Society, of 
Mr. Fowler of Cheltenham, Mr. Dudfield of Tewkesbury, and my own, are refer- 
able to Elephas primigenius, Hippopotamus major, Bos urus, and Cervus giganteus 2 

On the north or opposite side of the Avon, about twenty feet above the river, 
bones of Elephas primigenius, Rhinoceros tichorhinus and Hyena spelea, accompa- 
nied with freshwater shells, occur beneath a few feet of gravel and under similar 
circumstances to those at Eckington. 

In endeavouring to account for the presence of freshwater shells and bones at 
this part of the railway-line, and their absence in all other portions of the district 
described, I can offer no other explanation than that formerly proposed*, viz. that 
after the beds of marine gravel had been deposited where we now find them, and 
had been laid dry by the elevation of the land, a large river or chain of lakes ex- 
tended down the valley of the Avon at a height of from twenty to fifty feet above 
its present course, and that the gravel previously brought into the district by marine 
currents was remodified by the river-stream and mixed up with remains of Mam- 
malia and Mollusca which tenanted its banks or its waters. 

§ 7. Local gravel.—This occurs abundantly at Cheltenham}, and consists exclu- 
sively of detritus from the oolite and lias of the vicinity}. The composition varies 
from the state of gravel to fine calcareous sand. ° No bones or other terrestrial re- 
mains have occurred in it, and it is therefore referred, in the absence of other evi- 
dence, to a marine origin. 

§ 8. Modern alluvia.—No formations of any importance belonging to this class 
occur on the line of the railway, except the peaty deposits on the banks of the 
Avon and its tributary streams. In sinking through this peaty soil for the foun- 
dation of the bridge over the Avon at Defford, a human skeleton was found at the 
depth of eighteen feet from the surface. 

Conclusion.—On a general review of the sections afforded by the Birmingham 
and Gloucester Railway, although they do not present us with any very striking 
or novel phenomena, yet we may justly attach some value to the evidence they 
afford of geological facts, whether as confirmatory or as corrective of those pre- 
vious researches which were undertaken without the assistance now furnished by 
the railway cuttings. In conclusion, let me again express a hope that the time is 
not far distant when this Society may be in possession of a set of coloured sections 
of every railway in the kingdom. 


* See Report of Brit. Assoc., 1837, vol. vi. Sections, p. 64. + See Railway Sections, sheet No. l- 
{ See Mr. Murchison’s Outlines of the Geology of Cheltenham, p. 28. 
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XXXIV.—Notes to accompany some Fossils collected by the Author, and 
Mr. H. Still, F.G.S., during their employment on the Ordnance Survey 
in Pembrokeshire. 


By HENRY MACLAUCHLAN, Esa., F.G.S., 
Employed on the Ordnance Survey. 


[Read June 16, 1841. ] 


ir may be proper to state, that it is owing to the encouragement held out by 
Colonel Colby to notice objects connected with science, where so doing does not 
interfere with the progress of the survey, that these fossils were collected. 

In Mr. Murchison’s work on the Silurian System the rocks of South Pembroke 
are described, and some general observations are made on those of North Pem- 
broke ; and in his map the lower beds of the Llandeilo Flags range from Camrose 
on the west to Llandewy Velfry on the east. 

Taking this line as a base for our observations, commencing at Llawhaden, a little 
north of Canaston Bridge (fig. 2. p. 559), where the dip is northerly, and proceed- 
ing towards Precelly Mountain, we cross a conglomerate, which may be traced 
in a westerly direction to Ford, where it is found in contact with the trap ; and in 
an easterly direction towards Llangan, where a stratified, conglomerate sandstone 
occurs, containing species of Trilobites and of Orthis or Spirifer. 

To this conglomerate succeed first sandstone and sandstone shales, dipping to 
the north; and then, nearer Clarbeston, carbonaceous shales, containing casts of 
fossil shells and Graptolites, overlaid by limestone. The line of section afterwards 
crosses another bed of sandstone, which is succeeded by roofing-slates that extend 
nearly to Llys-y-fran. 

Similar carbonaceous shales may also be seen to the west of the line of section 
at St. Catherine’s Bridge, near Camrose, and at Rudbaxton ; also at Long Ford, 
south of Llandysilio, to the east of the section. 

These shales bear so strong a resemblance to the coal-measures, that unsuccessful 
excavations have been made in them at Rudbaxton, Clarbeston, and Clynderwen, 
south-east of Llandysilio. 

Indications of an anticlinal line may be seen near Narberth and Camrose, also 
VOL. VI.—SECOND SERIES. 4c 
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at Solfach, to the south-east, and Porthlliskey, to the south-west of St. David’s ; 
at the latter village the dip becomes westward, and continues changing to Whitesand 
Bay, where it assumes a northerly inclination, as may be observed at St. Law- 
rence, thirteen miles east of St. David’s Head, Leweston, three miles south of St. 
Lawrence, Camrose, and Long Ford, about two and a half miles south of Llan- 
dysilio ; the line is broken at Roche, five miles south-west of St. Lawrence, and 
at Leweston by the intrusive trap. 

Graptolites were found at Robleston, in the parish of Camrose, in calcareous 
shales, near their junction with the trap of Plumstone. 

Resuming the section at Llys-y-fran and proceeding towards Dinas Head, roof- 
ing-slates alternate with trap, decomposed on the surface, and masses of apparently 
intrusive greenstone are likewise visible: these traps and slates have been traced 
for miles to the east and west of the line, the schists dipping with remarkable 
uniformity to the north. This would lead to the supposition that the trap was 

contemporary with the slates, but the cursory view obtained on the surface pre- 
vents any certain conclusion being formed. 

The slates at Abereiddy Bay (sect. fig. 1.) contain Graptolites, as observed by 
Professor Sedgwick ; and two species appear, from Mr. Lonsdale’s examination, to 
be identical with the Graptolithus Murchisonii and foliaceus of the Llandeilo Flags. 

In the same bay are found numerous specimens of an Euomphalus, which bear 
some resemblance to one of the specimens represented by fig. 13. Plate XXII. of 
the Silurian System; also specimens of a Lingula, but distinct from the Llandeilo 
Flags, species figured by Mr. Murchison. 

The beds, which are worked for roofing-slate at Abereiddy Bay, are inclined 
highly to the north, the line of bearing being from north-east to south-west ; and 
though they differ in mineral character, as well as dip, from the general inclination 
of the Llandeilo Flags, yet this difference may have been produced by the action 
of the trap, which intersects them in a north-east and south-west direction, and 
between Abereiddy and St. David’s occupies nearly the whole surface. 

Overlying these slates, to the north, but with many beds of trap, slates, and 
sandstones between them, having the prevailing northerly dip, we find the conglo- 
merate of Dinas Head (fig. 1.), Newport Bay, and Trewiddel, near Cardigan, com- 
posed of fragments of various rocks, cemented by a grit of trappean aspect, and 
resembling certain conglomerates described by Mr. Murchison as occurring in the 
Caradoc sandstone. 

The organic remains hitherto obtained from these beds are not very satisfactory, 
but the most prevailing fossil is the cast of a crinoidal stem, composed of numerous 
thin joints with interspaces at irregular distances ; the best specimen of which, 
procured at Trewiddel, near Cardigan, Mr. Lonsdale considers analogous to speci- 
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Hard conglomerate sand. 


Fig. 1.—Section from Abereiddy Bay to Solvach Harbour, near St. David’s. This section is nearly parallel to No. 2 
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mens obtained by Mr. Murchison from the Caradoc sandstone, at Little London, 
May Hill, and Corton near Presteign. See Silurian system, pl. 20. fig. 19. 

This conglomerate commences at Dinas Head, and crossing Newport Bay, con- 
tinues to the hill above Trewiddel, near Cardigan, and probably further. 

It does not appear to be disturbed by igneous rocks. 

Trappean ash is found near the conical elevations of intrusive greenstone at 
Penbury Hill, two and a half miles north-north-east of St. David’s, Llanllawer, 
two miles south-east of Fishguard, and Carningley, one mile south of Newport. 

It is provincially called toughstone, and is worked as a building material, being 
soft when first raised, but hardening by exposure to the air, and very durable. 
Though the summit of the principal elevation of the Pembrokeshire chain is not 
trap, but roofing-slate, yet beds of trap extend nearly to the top, and are continuous 
apparently throughout the district, having masses of more decided greenstone oc- 
-casionally protruded through them. 

These beds may be traced to Plumstone Mountain, five miles north-west of Ha- 
verfordwest, and to St. David’s Head, and thence through “‘ The Bishop and his 
Clerks Rocks,” and the dangerous rocks called ‘“‘The Hats and Barrels,” to the 
rock of ‘‘ The Smalls Lighthouse.” 

On the north-east of the chain, at Whitchurch (Eglwyswen), six miles north- 
east from Newport, on the east at Llanfirnach (Llanfrynach, Ord. Map), and on 
the south at Llanglywdwen, are beds of a dark carbonaceous shale, which appa- 
rently overlie and mantle round the trap rocks, yet still preserve the northerly 
dip. These beds have been worked unsuccessfully for culm, and are accompanied 
by lead veins, one of which at Llanfirnach has proved to be profitable. 

At Llanglywdwen Bridge are indications of copper, and a considerable bed of 
limestone is in contact with the lode. 

Mineral veins were also observed along the coast, from Newgate in St. Bride’s 
Bay to St. David’s Head. 

At Fishguard and Strumble Head are basaltic columns, and at Llanwnda a 
jasper vein, and veins of green compact felspar. 


May 1841. 
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XXXV.—WNotice of the Discovery of a mass of Trap Rock in the Mountain 
Lumestone of Bleadon Hill, in the County of Somerset. 


By the Rev. D. WILLIAMS, F.G:S. 


[Read June 10th, 1840.] 


LT FEEL much pleasure in announcing to the Society, that a cutting for the Bristol 
and Exeter railway through the extreme western termination of Bleadon Hill has 
within these few days disclosed a mass of fine porphyritic trap, the first instance 
hitherto observed of the occurrence of an igneous rock in the Mendip Hills, or 
within the area of the Bristol coal-field. The trap varies from a granular green- 
stone with hornblende to a compact porphyritic rock, inclosing amygdaloidal ker- 
nels of calcareous spar and brown hematite; other specimens exhibit crystals of 
glassy felspar, and the rock is sometimes laminated and friable. The bed of 
mountain limestone which rests immediately on the trap differs in colour, and is 
much more brittle than the other strata. 

Rare as such igneous products are in this region, they are scarcely less so 
throughout the whole of Exmoor and the Quantocks; for, except the syenitic 
granite and trappean porphyry of Hestercomb in the Quantocks, first noticed by 
Mr. Horner*, a slaty porphyry I met with a little north of Simmons-birth in Ex- 
moor, and the elvan blocks near Morte Point, mentioned by Mr. De la Bechet, all 
associated with the same slate series (No. 5. of my subdivision), which rests on 
the granite of Lundy Island, I know of none. The next nearest igneous rocks 
are those about Tortworth in Gloucestershire, in the Caradoc sandstone division of 
the Silurian system of Mr. Murchison. 

The cutting for the railway intersects the broadest part of the ridge of lias and 
new red sandstone, which I formerly pointed out} as filling up a great interval or 
original gorge between the limestone of Bleadon and Uphill. | 


* Geol. Trans., First Series, vol. iii. p. 348, 1816. 
+ Report, Geology of Cornwall and Devon, pp. 49, 186, 1839. 
{ Geol. Proceedings, vol. ii. p. 79, 1833. 
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For the principal details represented in the accompanying woodcut ! am in- 
debted to Mr. Peniston the resident engineer, who had the kindness to prepare for 
me a graphic representation of the whole cutting, but of which only a portion is 
here given. 


a, Trap, apparently substituted for the originally continuous limestone, by slow fusion and conversion. 

4, Mountain limestone, showing remarkably uneven surfaces and ragged edges at its immediate contact with the trap. 
c, Blue lias, overlying black shales with the Watchet and Aust Cliff bone-bed ; grey passage marls below. 

d, Dolomitic limestone, resting unconformably on the successively outcropping steps of the mountain limestone. 

e, Upper gypseous red marls of the new red sandstone. 
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XXXVI.—Notices from the Minute Books of the Geological Society. 


1. On the Geological Structure and Phenomena of the Northern Part of the Coten- 
tin, and particularly in the immediate vicinity of Cherbourg. By the Rev. W. 
B. Clarke, A.M., F.G.S., &c. (Read Feb. 1, 1837.) 


THE author commences by stating, that no fact among the geological phenomena 
presented in both hemispheres, appears to be more clearly determined than the oc- 
currence of granitic rocks of posterior date to deposits containing organic remains 
of comparatively recent origin. Instances of this position, he says, are exhibited 
on a great scale in Brittany, Normandy, and the Channel Islands, where quartz 
rock and schists (the last containing, as will be subsequently shown, vegetable 
and testaceous remains) have been disturbed by granite and the protrusion of the 
latter effected by trap ; and he refers to Humboldt’s allusion to the Cotentin in 
proof of the intimate connexion of quartz rock, schist (occasionally connected 
with limestone), and granite*; also to the memoir of M. Alex. Brongniart on the 
Cotentin +, with the note by M. d’Omalius d’Halloy on Brittany{ ; likewise to 
Mr. De la Beche’s paper on Calvados and La Manche § ; as well as the memoirs 
of Professor Sedgwick and Mr. Murchison on Cornwall and Devonshire|, &c., for 
the occurrence of the same series of rocks under precisely similar conditions in 
each district], and for evidences that the granite was protruded at a comparatively 
recent period, not only altering the characters of the associated sedimentary strata, 
but elevating the rocks en masse to their present positions. With respect to the 
phenomena exhibited in the Channel Islands, Mr. Clarke says, that the granitic, 
schistose and quartz rocks are exactly in the range of the analogous formations of 
the Cotentin ; that the trap of Sercq occurs intermediate to the other deposits, ‘as 
in the Cotentin ; and that to the protrusion of the trap the actual position of the 
granite, slates and quartz rock must be assigned. 


* « Sur le Gisement des Roches,’ pp. 106, 145, 1823. 

+ Journal des Mines, tome xxxv. p. 109 et seg., 1814. + Ibid., p. 112, note 2. 

§ Geol. Trans., Second Series, vol. i. p. 73 et seqg., 1822. 

|| Prof. Sedgwick, on the Structure of large Mineral Masses, Geol. Trans., Second Series, vol. iii. 
p. 484 et seg. Prof. Sedgwick and Mr. Murchison on Devonshire, Report of the British Association 
for 1836. 

4 For instances out of Europe, reference is made to Capt. Burne’s remarks on Hindoo Kosh, Geol. 
Trans., vol. iii. p. 492; and Humboldt’s ‘ Gisement des Roches,’ pp. 103 et seq., p. 143 et seg. 
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Mr. Clarke then describes in some detail the country in the immediate vicinity 
of Cherbourg, following closely M. Alex. Brongniart’s account of the physical fea- 
tures and lithological structure of the country. 

The district consists of a succession of lofty ranges composed of quartz rock, 
and of valleys with low hillocks of schists ; and masses of granite and trap occa- 
sionally protrude through the other deposits. 

The schists vary in composition, being sometimes argillaceous, sometimes tal- 
cose, also in hardness and colour. At Vasterville, to the S.E. of Cherbourg, beds 
of grey slate and graphite ampelite contain impressions of marine plants ; and at 
Barneville, to the south of Les Pieux, calcareous strata alternating with schist in- 
close Terebratule. One variety of slate, called by M. Brongniart stéaschiste no- 
duleux, consists of a base of green glossy slate, with egg-shaped nodules of quartz, 
and passes into talc slate, which also contains concretions of felspar and crystalline 
quartz of very variable size and form, and occasionally penetrated by the talcose 
matrix. 

The quartz rock assumes also very different degrees of hardness, and changes 
often in its lithological aspect. Near Vasterville it puts on the character of a fer- 
ruginous sandstone and passes into a conglomerate; and though these varieties 
are stated, on the authority of M. d’Halloy, to be of frequent occurrence, yet Mr. 
Clarke is of opinion that the ferruginous nature of the rock must be considered as 
adventitious and of subsequent origin, being impressed also upon the schist. The 
apparent arenaceous structure of certain beds at Le Roule is stated to disappear 
under the lens, the whole mass presenting a vitreous fracture. The strata are 
generally inclined at a considerable angle, but the direction of the dip varies ; they 
are also occasionally curved. ‘The prevailing strike of both the quartz rock and 
the schist is from east to west. Insensible gradations from one formation to the 
other are prevalent ; and at Rozel green schist is succeeded by quartz rock, and 
felspar trap passes into schistose greenstone ; at Flamanville the latter rock also 
alternates with compact eurite, which changes into rosy syenite, alternating with 
trap, and is succeeded by regularly stratified beds of syenite, having the same direc- 
tion with those of the quartz rock*. Mr. Clarke gives many other local details, 
either on his own authority or that of M. Brongniart ; and then offers the follow- 
ing general summary of the changes at the lines of junction. The argillaceous 
and talcose schists, where they are in contact with the quartz rock, partake of a 
gradual intermixture of the components of that formation, and the same strata in 
contact with granitic rocks become charged with particles of felspar. 

That the original phenomena took place whilst the slate was still soft and in the 
bed of the ocean, Mr. Clarke says, there can be no reasonable doubt ; but he is of 


* See M. Brongniart’s Mém., Journ. des Mines, t. xxxv. p. 119. 
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opinion that the physical outline of the country indicates considerable changes inci- 

dent to the emergence of the land. The deep transverse valley which intersects 

the mountain called Le Roule, a little to the east of Cherbourg, is stated to present 

some interesting phenomena. The eastern escarpment, from 300 to 320 feet in. 
perpendicular height, slopes gently to the south as far as the commencement of the 

slate, where the descent becomes extremely rapid into the valley of the Divett. The 

western side of the ravine presents similar features, but in a reversed position ; the 

escarpment of quartz rock, crowned by the Telegraph, being to the south, and the 

slope to the north, with a very gentle inclination till it reaches the sea-level. 

These opposite interchanges of slope and escarpment are occasioned, Mr. Clarke 

says, by the direction and prolongation of the beds of slate, the line of coast not 

exactly corresponding with the junction of the schist and quartz rock. The south- 

ern junction of the two formations is about half-way up the ravine, near a chapel ; 

and in the quarries along a road leading eastward, the phenomena exhibited at the 

contact of the deposits are well-exhibited. Throughout the district the range of 
the slate is marked by the fertility of the soil and the occurrence of woods, but 

that of the quartz-rock by a prevailing. barrenness. 

Fragments of the latter formation are either scattered over the surface, associated 
with clay, or compose mounds free from extraneous matter ; and they preserve the 
characteristic form of the parent rock, the angles, measured ‘‘ by a goniometer,” 
affording three constant quantities, namely 108°, 64°, and 83° (fig. 1.) ; and the 
last angle measures also that formed by the production of two sides, which in the 
actual specimens are cut off by the intersection of a third plane. Fragments of green 
schist detached by the hammerat the natural joints, gave alsothe same angles, or 108°, 
64°, and 83° (fig. 2.); so that there is direct evidence, Mr. Clarke observes, of the 


Fig. 1. Fig. 2. 


Fragment of quartz-rock. 
Fragment of green schist. 
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same agent having operated on both formations en masse. The rock of Le Roule 
presents to the eye two lines of fracture, one parallel to the horizon and the other 
nearly perpendicular to it, and these, with the lines of dip and direction, produce, 
the author says, the peculiar outline of the fragments. This structure, Mr. Clarke 
considers, is due to the arrangement of the component particles in the first instance, 
and to subsequent agents in the second; and he is of opinion the phenomena 
prove distinctly the truth of Brongniart’s assumption, that these are crystalline and 
not mechanical rocks. If, he adds, heat was an agent in consolidating these beds, 
and electrical action was connected with it, the tendency of the strata to assume 
their characteristic features might be accounted for. Other cases of slates as- 
suming a regular form are mentioned in the paper, particularly one at Boppart, on 
the Rhine, where the cleavage yielded six-sided tables, somewhat similar to the 
fragments previously mentioned. (Fig. 3.) 


Fig. 3. 


Fragment of slate from Boppart, on the Rhine. 


The transverse ravine of Le Roule is shown to agree precisely with the strike of 
veins of pure white quartz, which intersect the strata from south-east to north-west ; 
and Mr. Clarke observes, that this direction of the ravine corresponds with the me- 
chanical effect of elevation ; and he dwells at some length on this not being a local 
phenomenon, but connected with a widely extended operation. The transverse 
break through the beds of hard chalk at Corfe Castle, on the coast of Dorsetshire, 
is considered as probably connected with the ravine at Cherbourg ; and he proceeds 
to state, that if the observer extend his researches to Calvados and Brittany, and 
thence to Devonshire, Weymouth, Purbeck, the Isle of Wight, the Weald of Sussex 
and Kent, and the Boulonnais, he would be induced to connect some of the most 
striking phenomena of these districts with probably a contemporaneous series of 
events. 

The decided similarity of the Devonshire schists and granite with those of the 
French coast ; the similar protrusion of the granite at an epoch much posterior to 
the production of the slates ; the occurrence of highly inclined beds from the oolites 
to the tertiary series along the coast of Dorset, dipping, like the rocks of the Co- 
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tentin, to the north; the existence of a series of faults in Dorset ranging in a linear 
direction with the elevated beds of the Cotentin, as well as another transverse se- 
ries on the coasts of England and France, are conditions which appear to agree so 
accurately under all their bearings, as to induce, the author says, the supposition, 
that the tract now occupied by the English Channel between Cape La Hogue and 
Portland owes its existence to a denudation of deposits intermediate between the 
slate and the oolites, in the direction of the similar but minor valleys in La Manche ; 
and that the appearances of elevation so extensively developed on both sides of the 
Channel owe their origin to one common, deep-seated cause, evidence of which is 
afforded in the traps and granites of La Manche, Brittany, Devonshire, Cornwall, 
and the Channel Islands. Lastly, with reference to the belief which had been en- 
tertained by a previous observer, that the western coast of the Cotentin may have 
originated in a fracture, Mr. Clarke observes, that there is reason to infer that the 
coast-lines, not only of the Cotentin, but of the Channel Islands, Purbeck and the 
Isle of Wight, will be found to have been produced by a series of contemporaneous 
or successive upheavings of the strata in the same linear direction, at an epoch 
posterior to the formation of the tertiary deposits. 


2. Extract from a Letter dated Marciana, Elba, Sept. 1, 1837, addressed to the Rev. 
Wilham Buckland, D.D., V.P.G.S. By Walter Calverly Trevelyan, Esz., 
F.G.S. (Read Nov. 15, 1837.) 


‘On the shore near the point where the road descends towards the rock or islet 
of Lihou, on the east of Guernsey, may be seen a section, in which, above the 
present high-water mark, the granite rock bears evident signs of having been worn 
by the action of the waves, previously to the deposition on it of a bed of gravel, 
which now covers the granite and fills up the inequalities of its surface. The gravel, 
which is firmly bound together by a ferruginous sand, consists of pebbles of the 
neighbouring rocks, also of chalk flints, some not much rounded ; and it extends to 
about eight feet above the present high-water mark, ranging also apparently a little 
inland. On the gravel is a bed, about three feet thick, of disintegrated granite, 
mixed with angular fragments of that rock and covered by the surface soil.” 

On the north-west side of the island, near Fort Doyle, a similar gravel occurs, 
about eight feet above high-water mark, resting principally on the surface of the 
syenite rocks of a low cliff, but occupying also fissures, which Mr. Trevelyan is of 
opinion, were formed during a slight elevatory movement, and into which he be- 
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lieves the gravel fell, and was even forced laterally under the syenite (see fig. 1. 
and 2.). In fig. 2. a small horizontal fissure, A, resembling a vein, and about half 


Fig. 1. Fig. 2. 


Grayel (a) occupying vertical and horizontal fissures in syenite. 


an inch wide, extends beneath the apparently unmoved rock. This layer also con- 
tained some small flint pebbles. The gravel is in parts so firmly cemented by a 
ferruginous sand, as to be able to support the roof of a small cavern, where the 
substratum had been washed away. 

These observations were made in the year 1833, and when Mr. Trevelyan re- 
examined the locality in 1835, he saw no reason to change the opinion he formed 
during his first visit. 


3. On the Illustration of Geological Phenomena by means of Models. By 'T. Sopwith, 
Esq., F.G.S. [The notice which accompanied the models was read. ] 


The models which accompanied this communication are designed to illustrate 
the nature of stratification, valleys of denudation, the succession of coal-seams in 
the Newcastle coal-field, and the effects produced by faults or dislocations of the 
strata* ; and the author states that his object in constructing them is to meet the 
impossibility of representing by ordinary drawings more than one plane without a 
certain amount of distortion, and to explain the totally different phenomena which 
the strata beneath a given area may exhibit from those which are exposed on the 
surface. In order to accomplish fully the latter intention, several of the models 
are composed of moveable pieces, and by detaching one or more of these the effects 
of dislocations are made apparent, and the real value of a mineral district so cir- 
cumstanced rendered perfectly clear. 

The models are twelve in number. 

1. The first represents a district consisting of horizontal strata, and the upper 


* See Mr. Sopwith’s work, entitled “ Description of a series of Geological Models ;” 12mo, 1841. 
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surface exhibits a plane composed of one description of deposit. By detaching the 
moveable part, a valley of denudation is exposed, and in consequence of a slight 
inclination being given to the valley, the difference in the stratification which a 
series of horizontal beds may exhibit at the extremities of a valley is clearly 
shown. | 

2. Number 2. represents a portion of the Newcastle coal-field. The top exhibits 
an undulating surface, and the outcrop of a coal-seam, once apparently coextensive 
with the whole area of the district, but now limited, owing to denudation, to its 
highest part. In the lowest portion of one of the valleys, the outcrop of another 
seam is exposed for a short distance. The mode of working a bed of coal is 
shown by removing the upper portion of the model. 

3. Number 3. exhibits one side of a valley of denudation. The strata appear to 
be horizontal, and in their original relative position, but by referring to the sides 
of the model a certain amount of displacement is shown ; and the effects of a still 
greater dislocation may be exhibited by removing the under portion of the fore-part 
of the model, and placing in the position it occupied, the piece which rested on it : 
by withdrawing the other upper portion, one side of a valley of denudation is again 
displayed, and though the amount of dislocation is great, only a simple alternation 
of similar beds is visible on the surface. 

4. The next model illustrates the errors which might be committed in estimating 
the number of coal-seams in a district by surface indications. Along the two in- 
clined ridges there are apparently five beds of coal alternating regularly with the 
usual measures ; and it is only by endeavouring to follow them across the valley of 
denudation, and laterally beyond the ridges, that the true characters of the district 
can be discovered. The seams are then found to terminate abruptly, and the 
observer would infer first, that the coal-measures are affected by faults; and 
afterwards, from a series of careful researches, aided by borings, that there are in 
reality but three distinct seams,—the two which crop out around the culminating 
ridge, and another, which underlies, and is visible only in the lower portions of 
the valley of denudation, where it is twice exposed. The great amount of dis- 
location thus ascertained would lead the practical miner to abandon a district ap- 
parently of great value. An oblique intersection of the model illustrates the com- 
plications produced in the interior of such a district, the vertical sides show the 
number of faults as well as the amount of dislocation attending each ; and the true 
stratigraphical structure is exhibited by the back. 

5. In the last model the denudation is at right angles to the direction of the 
strata, and consequently exposes the apparent vertical succession of beds ; but in this 
it is parallel to their direction, and therefore has laid bare only a limited amount of 
strata. No coal-seams are visible, nor any indications of the subjacent mineral 
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wealth, except that the sandstones and shales displayed on the surface belong to 
the carboniferous measures. That the district is affected by faults, may be inferred 
from the repetition of beds identical in mineral character, and the amount of the 
presumed dislocations may be easily ascertained. In this instance the value of the 
seams of coal, which trials may have proved, is less affected than in No. 4, and the 
probable produce, in the direction of the strike, may be estimated. The depth at 
which the same bed may be found between the lines of fault is also readily deter- 
mined, and the working of the coal resumed, should the calculated produce justify 
the undertaking. The true nature of the district 1s exposed on the sides of the 
model, and the complication of the interior, in a plane oblique to the horizon, is 
shown by removing the upper part. 

6. This model exhibits some of the phenomena of the intersection of veins ; 
also the different relative levels of the surface of a dislocated bed of coal. Mr. Sop- 
with, in his description of the models, considers the white vein as marking the 
first dislocation, whereby the relative displacement of 4 and 3 with reference to 
1 and 2 was effected; 2 by that movement not having been detached from 1, 
but continued on the same level, nor 3 from 4 ; and it will be easily perceived that 
if 2 and 1 be, in imagination, placed on the same plane, 3 and 4 will likewise con- 
stitute a continuous plane at a certain lower level: by a subsequent dislocation, 
marked by the brown vein, | and 4 are supposed to have been upcast, or 2 and 3 
thrown down, | and 4 preserving their former relative positions as well as 2 and 3. 
Two dislocations therefore produced 4 different levels. In consequence of the inter- 
secting cracks or veins not being perpendicular to the horizon, there is an apparent 
lateral shift at the point of intersection, not only in the veins, but in the portions 
2 and 3 of the coal-bed. The phzenomena dependent on the structure of the model 
are exhibited as usual by the sides and by an oblique intersection, and Mr. Sop- 
with points out the means by which the relative antiquity of intersecting veins 
may be determined. 

7. In this model the effects of denudation on No. 5. are shown, the angular irre- . 
gularities produced by the dislocations being rounded off, and the physical outline 
giving no indication of the disturbances. On a comparison of the two models, the 
same description of displaced plans will be found in each. In No. 7, Mr. Sop- 
with has introduced a groove which traverses the upper part of the model, and is 
supposed to represent the boundary of an estate. By referring to the back of the 
model, it will be perceived that the groove is carried down perpendicularly, defining 
underground the limits of two estates ; it will also be perceived that the white 
vein is intersected by it, and consequently the right of working the vein possessed 
by the owner of the property in which it appears on the surface would cease at the 
line of intersection. 
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8 and 9. These models exhibit the effects of denudation on strata differently 
inclined, and the inferences which may be deduced respecting the dip of the beds, 
by attending to the position of the re-entering angle of the strata in transverse 
valleys of denudation. In No. 8. this angle is pointed up the valley, the strata 
having been ‘‘overcut”’ or acted upon, nearly in the direction of their dip: 
in No. 9. the re-entering or V angle points down the valley, in consequence of 
the greater inclination of the strata and the denuding force having acted obliquely 
to the dip, and ‘‘ undercut ” the beds or denuded first the lowest, constituting 
the crest of the hill. In the case exhibited in model No. 8, the observer in as- 
cending the valley passes regularly from the lowest to the highest strata; but in 
the instance represented by No. 9, the highest strata form the lowest part of the 
valley, and in ascending its course a succession of underlying beds are passed over. 
Without due attention, however, to the direction of the V angle, the reverse might 
be inferred, and the strata might be considered to dip into the rising ground, and 
not obliquely from it. Many points of great interest connected with mining, and 
dependent upon the direction of the V angle, are pointed out by Mr. Sopwith. 

10. This model exhibits the effects of denudation on the outcrop of strata, the 
direction of the dip being into the hill or rising ground, and not, as in the two last 
cases, more or less parallel with it. In this instance the V angle appears to point 
up the valley, but by tracing the outcrop it is found to incline into it, the beds 
forming the V occupying a higher level on the flanks than in the bottom of the 
denudation. 

11. The object of this model is to exhibit the effects produced by the intersec- 
tion of veins on a vertical surface, on an inclined plane, and on a horizontal one 
(the bottom of the model). The white vein is also shown to be of greater anti- 
quity than the red, having been dislocated by it. 

12. The last model explains the effects of denudation on a mineral district iden- 
tical in structure and the amount of disturbance with No. 11. 
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Abereiddy Bay, notice of the strata of, 558. 
Abergele, notice of Silurian rocks west of, 195. 
Adala, notice of a hill of trachyte near, 26. 

account of a stream of lava in the plain of, 


33. 

Aden, Mr. Burr, on the geology of, 499. 

Aggerthal, notices of the strata along the line of the, 
261. 


—— 


264. 
Aidinjik, notice of the formations near to, 6. 
Aineh-chai, notice of beds on the banks of the, 11. 
oe ee eee near the, 19. 
Alabama, account of the remains of the Basilosaurus 
or Zeuglodon found in the tertiary deposits of, 67. 
Alcantara, section of the beds of Hippurite limestone 
in the valley of, 115. 
Alluvia, remarks on the ancient, of the south-east of 
Devonshire, 438. 
Alluvial deposits, notices of, in Western Asia Minor, 
21. | 
Almada tertiary formation, description of, 109. 
—_—_———___——- sectional list of beds be- 


eruptive rocks near the, 
. 


longing to, 110. 


subdivisions of, 110. 
range of, south of the 


oe 


Tagus, 111. 


———_______-___--____ north of the 


Tagus, 111. 


list of fossils found in, 


113. 


comparison 


of, with the organic remains of Alhama, Baza, 
&e., 113. 
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Alum Bay, account of the variegated sands and clays 
Tbe 

Annelida, notice on the rare occurrence of, in Pale- 
ozoic rocks, 313. 

Anoplotherium, Mr. Owen, description of some fossil 
remains of, from the Isle of Wight, 41. 

list of remains of, found by the Rey. 


D. Fox, 44. 
Apollonia Lake, notice of the limestone on the south 
shore, 10. 
side of, 23. 
Aptychus, description of new species from the De- 
vonian beds of the Eifel, 34.3. 
Arca, new species of, from Paffrath, described, 373. 
Arfurth, section of Devonian strata near, 251. 
Armadillo, comparisons of, with the Megatherium, 
87 et seq. 
—— remarks on the structure of the pelvis, 
&c., with reference to the dermal armour, 98. 
Arnsberg, section of country near, described, 233. 
flexures in range of limestone near, no- 
ticed, 234. 
Ashburton limestone, remarks on the carbonaceous 
nature of, 461. 


trachytic rocks, north 


es account of, 469. 

Asia Minor, Mr. Hamilton and Mr. Strickland on 
the geology of the western part of, 1. 

physical structure of, 3. 

classification of the rocks composing 


the western portion of, 4. 
description of the sedimentary rocks, 5. 
— igneous rocks, 22. 


general conclusions, 37. 
——— comparison of the formations with those 
in North-western Europe, 38. 
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Atrypa, range of, in Paleozoic rocks, 320. 

Austen, R. A. C. Esq., on the geology of the south- 
east of Devonshire, 433. 

Avicula, description of a new species from Paftrath, 
ones 

Avon, notice of the marine erratic gravel near the, 
in Worcestershire, 554. 

Azani, account of the lacustrine basin of, 17. 

list of shells found in, 17. 


B. 


Babbacombe, notice of the trap near, 470. 

Barton, notice of the limestone of, 463. 

Basalt, description of, near Lisbon, 124. 

geological period of ejec- 


tion of the great mass north of the Tagus, 125. 

—___________ effects produced by, on 
the strata, 125. 

— notices of its disturbing effects in Cascaes 

Bay, 125. 

notice of detached masses of, 126. 

Basaltic rocks, description of, in the Catacecaumene, 
29. 

Basilosaurus, R. Harlan, M.D., on the discovery of 


the remains of the, or Zeuglodon, 67. 
reasons for considering the 


— 


remains to have belonged to a Saurian, 67. 


notice of the circumstances which led 


to their discovery, 75 note. 

Basin of the Clyde, reference to proofs of very 
recent changes in the relative level of land and sea 
in the, 153. 


of the cli- 
mate having once been of a more arctic charac- 
ter, 153. 


three distinct epochs of super- 
ficial deposits in the, 153. 

amount of change of level du- 
ring the post-tertiary epoch in the, 154. 
no change of level during the 


existing epoch, 154. 
shells 
found in the tertiary beds of the, and not known 
to exist in British seas, 155. 


catalogue raisonné of 


Basins, description of upright and inclined, 268. 
Batrachia, remarks on affinities to, in the Labyrin- 
thodon, 504, 519 et seq. 
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Batrachiosaurus, remarks by Dr. Harlan on a frag- 
ment of a head found in the Missouri territory, 
and called by him, 68. 

Bayfield, Capt., remarks on some fossil and recent 
shells collected by, in Canada, 135. 

account by, of the strata in which 

they were found, 135. 


remarks of, respecting transported 
organic remains, 138. 

Beagle Channel, account of glaciers in, 428. 

Berry Pomeroy, notice of the arenaceous strata near, 
468. 

Beauport near Quebec, notice of strata near, 135. 


remarks on the age of the 
beds, 135, 140. 


shells from, 136. 


catalogue raisonné of . fossil 


the shells ap- 
proach more nearly the arctic fauna than that of 
the St. Lawrence, 141. 

Belgium, Prof. Sedgwick and Mr. Murchison on the 
distribution and classification of the Paleozoic 
deposits of the north of Germany and, (see Ger- 
many,) 221. 

account of the carboniferous rocks of, 267. 


successive groups be- 
tween the Liége coal-field and the Ardennes, 269, 
271. 

Bellerophon, observations on the distribution of, in 
Paleozoic rocks, 325. 

remarks on species of, from the Devo- 

nian beds of the Rhenish provinces, 353. 


Bensberg, calcareous rocks of, described, 241, 243. 


notice of reversed posi- 
tion in strata belonging to the, 242. 

Bickington trap, notice of the, 472. 

effects produced by, 480. 

Bilstein, section of the eruptive porphyry at, 264. 


Bird, description of remains of a, from the London 
clay, 206. 

—_— $$ —_—__—_—__—_—- chalk, 41]. 

Birmingham and Gloucester railway, description of 
a series of coloured sections on the, 545. 

Bishopstone, section of the strata in the cliffs of, 214. 

Blackdown, notice of the bed of angular flint and 
blocks of chert, &c., on, 448. 

Black schists of Wissenbach, account of, 245, 253. 
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Black schists of Wissenbach, list of fossils from, 255. 

—_-— equivalent of shale un- 

der the Eifel limestone, 256. 

Bleadon, notice of trap exposed in the railway cut- 
nig near, 561. 

Boghaditza, description of trachytic rocks south of, 
24. 

Boodroom, notice of the marble of, 9. 

trachytic rocks near, 27. 

Bornholm, observations on changes of level in, with 
reference to the Baltic, 158. 

Bornhovd, in Holstein, notice of recent marine 
shells found in a bed of pebbles 150 feet above 
the Baltic, 160. 

Boulders, remarks on the, interspersed among the 
shelly strata near Quebec, 140. 

transport of, by ice in the 


river St. Lawrence, 140. 

Boulders of coal, account of, in the pennant grit of 
South Wales, 495. 

Boulders, erratic, see Erratic boulders. 

Boulonnais, remarks on the connexion of the physi- 
cal phenomena of, with those of the Weald and 
other parts of England and France, 566. 

Bovey, notice of the ancient lacustrine deposits in 
the valley of, 439. 

cretaceous debris below the pipe- 

clay beds of, 448. 

— account of the greensand in Bovey valley, 
450. 

Bowerbank, J. S. Esq., on the London and plastic 
clays of the Isle of Wight, 169. 

on the siliceous bodies of 

the chalk, greensands and oolites, 181. 


Bowman, J. E. Esq., on a small patch of Silurian 
rocks west of Abergele, 195. 

Bozbornou, nature of trap rock near, 22. 

Brachiopoda, observations on the occurrence and 
distribution of genera of, in Paleozoic rocks, 316. 

Bracklesham Bay, remark on the geological position 
of the beds in, relative to the White Cliff Bay sec- 
tion, 170 note. 

Braideburg, section of dislocated strata opposite, 
266. 

Bredon, notice of the marine erratic gravel with flints 
at, 554. 

Brilon, section of the Devonian strata near, 239. 
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Bristol Channel, notice of a molar of a Mammoth 
found in the, near Watchett, 163. 

British Channel, notice of remains of the Mammoth 
found in the, and the German Ocean, 161. 

British Isles, comparison of the Paleozoic ‘rocks of 
the, with formations of the same age in the north 
of Germany and Belgium, 221. 

Brittany, notice on the general structure of, relative 
to the connexion of granite, quartz-rock and 
schists, 563. 

Brixham, notice of raised recent marine deposits 
near, 442. 


cleavage in limestone strata near, 
481. 

Broderip, W. J. Esq., notices of his account of the 
Stonesfield fossil jaws, 48, 62 et seq. 

Brocken, description of the granite of the, 285. 

— section of inverted strata north of the, 286. 

— description of a section from the, to the Ross- 


trappe, 292. 

comparison of, with sections in West- 
phalia and Nassau, 293. 

Brongniart, M. Alex., notices of his memoir on the 
Cotentin, 563. 

Brusa, notice of travertine deposit at, 20. 


Buccinum, remarks on species of, from the Devonian 
beds of the Rhenish provinces, 354. 

Buddle, J. Esq., on the great fault called the Horse 
in the Forest of Dean, 215. 

on subsidences produced by work- 
ing beds of coal, 165. 

Burr, F. Esq., sketch of the geology of Aden, 499. 

——— reference to his account of the geo- 


logy of the Birmingham and Gloucester line of 
railway, 546. 


Cc: 
Camiro, notice of the compact limestone of, 13. 
Canada, remarks on some fossil and recent shells 


collected in, 135 ; see also Fossil Shells and Beau- 
port. 


the climate of, with respect to 
the testacea of the St. Lawrence, 139. 

————_—______ —-______——- antecedent to the 
present climate, 139. 

Cape Espichel, sectional list of strata of the red 
sandstone near, 119. 
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Cape Gregory, notice of boulders on the headland 
of, 417. 

Cape Negro, notice of imbedded boulder in the cliff 
at, 418. 

Cape Virgins, account of deposits composing the 
cliffs north of, 418. 

Carbonaceous deposits, description of, in the S.E. of 
Devonshire, 4.57. 

unconformable to the Newton 


limestone, 458. 
a ae os olderistrata 
near Landue Mill, 459. 
—_—_—- — remarks on the relative posi- 
tion of, near Chudleigh, 458, 460. 
mineral contents of, 461. 
limestone breccia of Petit Tor 


referred to, 461. 


Park, 457, 458. 


remarks on the, in Ugbrooke 


description of strata subjacent 

to, in the S.E. of Devon, 462. 

account of the igneous rocks 
associated with, 473. 

Carboniferous rocks, description of, in Belgium, 267. 

—_—_— account of the successive groups 
between the Liége coal-field and the Ardennes, 
269. 


of Westphalia, described, 228. 
coal-measures, 


carboniferous 


limestone, 229. 

ee changes in 
the character of, eastward of Ratingen and Crom- 
ford, 231, 233. 


ed with the limestone of Mettmann and Elber- 
feldt, 232. 


not connect- 


———— lithological 


characters of, 233. 


je ee a agreement 
of, with the culm limestone of Devon, 233. 

Re Eee Oia ee ee ee flexures in, 
in the eastern districts, 234. 

i eee identified 


with strata near Herborn and Dillenburg, 234. 
base of, com- 


INDEX. 


posed of small concretions of impure limestone in 
red shale, 235. 

Carboniferous strata, notice of, at Dixon-fold, 173. 

Cardiacea, remarks on the genera of, in Paleozoic 
rocks, 314. 

Cardium, remarks on species of, found in the Rhe- 
nish provinces, 374. 

Cascaes, section of beds of the red sandstone forma- 
tions of Lisbon exposed in a cliff east of, 119. 

disturbing effects of basalt in the bay of, 


125. 
Catacecaumene, description of the lacustrine basin 


of the, 18. 
———_—__—__—__—__—__——_ trachytic rocks of 


aed ——— modern volcanic 


rocks of the, 27. 
subdivision of the volcanic rocks 


into three periods, 28. 

—_—__-—__-———- account of the 
rocks forming the products of the first period, 
29. 


of the second period, 29. 
—__________——_ of the third period, 31. 
general remarks respecting the vol- 


canic products, 34. 
remarks respecting the different po- 
sitions of the cones of the second and the third 


periods, 35. 

inference drawn from, 35. 
comparison of, with Auvergne, 36. 
points of agreement, 


' 


ST 


36. 

Caves, ossiferous, remarks on the, of Devonshire, 
443. 

Cayster, observations on the absence of tertiary la- 
custrine formations in the valley of the, 20. 

Cephalopoda, observations on the distribution of, in 
Paleozoic rocks, 326. 

Cezimbra, notice of protruded masses of trap near, 
126. 

Cheropotamus, R. Owen, Esq., description of some 
fossil remains of, from the Isle of Wight, 41. 

— dental formula of, 43 note. 

comparison of, with species of the 
hog tribe, 42. 

Chalk, account of the siliceous bodies of the, 181. 


INDEX. 


Chalk, arguments in support of the organic origin of 
the siliceous bodies of the, 181 e¢ seq. 

description of remains of a bird, a tortoise 

and a lizard from the, 411. 

remarks on the origin of pits in, 448. 

proofs of the extension of, to South Devon, 


449, 
Channel Islands, remarks of the relative position of 


the trap and associated formations in the, 563. 
Cherbourg, Rev.W. B. Clarke on the geological phe- 
nomena in the immediate vicinity of, 563. 
Cherts, on the organic origin of, procured from green- 
sands, 189. 


proofs adduced in support of, 
189. 

Chiloe, description of the erratic boulders and asso- 
ciated deposits on the north and east coasts of the 


island of, 423. 
remarks on the proba- 


ble position of the parent rock, 424. 

no boulders observed in the interior or on 
the western coast, as far as visited, 424. 

— remarks on the position of the boulders on 


the extreme northern point of, 425. 
direction of ancient marine 


currents over portions of the island of, 425. 
probable age of the boulder 


formation of, 426. 

Chudleigh, remarks on the relative position of the 
culm series near, 458. 

Chudleigh rock, account of the relative position of 
the carbonaceous deposits and slates in a well 
opposite, 460. 

Cintra, notices of the formations in the neighbour- 
hood of, 119, 120, 122, 123. 

Cirrus, description of new species from Paftrath, 365. 

Clausthal, description of the section from, to Griind, 


288. 
description of the section from Osterode 


to, 288. 

Clarke, Rev. W. B., on the geological structure and 
phenomena of the northern part of the Cotentin, 
particularly in the immediate vicinity of Cher- 
bourg, 563. 

Cleavage, remarks on the, of the South Devon rocks, 


479. 
instances of, among curved strata, 481. 
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Cleavage, phenomena connected with, not observable 
in South Devon above the carbonaceous series, 
482. 

Clift, W. Esq., notices of his description of remains 
of the Megatherium brought to England by Sir 
Woodbine Parish, 83. 

Clyde, on the relative ages of the tertiary and post- 
tertiary deposits of the basin of the, 153. 

Cnidus, description of the promontory of, 9. 

Coal, account of subsidences produced by working 
beds of, 165. 


circumstances on which 


their extent depends, 165. 
phon —— by short working, 166. 


—_—_—_—__—_______—_ by long working, 166. 

signs of, 166, 167. 

instances of, 167. 

notice of a seam of, at the base of the carboni- 

ferous limestone in Denbighshire, 195. 

remarks on the origin of the seams of, 179. 

Coal-boulders, account of, in the Pennant grit of 
South Wales, 495. 

Coal-measures, casts of arborescent plants found 
in, supposed to have been solid-wooded trees, 
179. 

——_——_—_——. Westphalia, description of, 228. 

lower coal tract analo- 


gous to culm districts of Devon, 229. 
of South Wales, notice of the enor- 


mous thickness of, 491. 


— account of the un- 


der-clay of, 491. 


of coal in the Pennant grit of, 496. 
observations on the 


boulders 


great period of time which must have elapsed in 
the accumulation of the, 495. 

Coast of England, remarks on the connexion of the 
physical phenomena presented along the south 
coast of, with those on the opposite coast of 
France, 566. 

Coburg, account of the formations between Saalfield 
and, 297. f 

Coleford High Delf coal-seam, account of the Horse 
fault in the, 215. 

Combe Farm, notice of the greensand strata near, 


451. 
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and distribution of genera belonging to families of, 
in Paleozoic rocks, 313. 

Conchifera Morfomyaria, observations on the occur- 
rence and distribution of genera belonging to fami- 
lies of, in Palzeozoic rocks, 315. 

Conglomerate, notice of the, of Dinas Head, 560. 

Conularia, considered to belong to the class Ptero- 
poda, 325. 

description of new species from the Rhe- 
nish provinces, 351. 

Copper mines, account of, near Dillenburg, 247. 

Coral limestones of Newton Bushel, &c., description 
of, 463. 


remarks on the origin 
of, 464. 


$$. 


fossils of, 465. 
list of fossils found in, 


466. 

Cordillera, remarks on the erratic boulders on the 
eastern side of the, near the valley of the Santa 
Cruz, 415. 

—— erratic boulders of Chiloe considered to 
have been probably derived from the, 424. 

Cornbrash, description of, on the Yorkshire coast, 
144, 150. 

fossils found in, 145, 150 et seq. 
common to other forma- 


tions, 146. 

Coton End, description of remains of Labyrinthodon 
from, 510, 515 e¢ seq. 

Cotentin, Rev. W. B. Clarke on the geological 
structure and phenomena of the northern part of 
the, 563. 

Creeps (see Subsidences): 

second, notice of, 168. 


Cretaceous rocks, in Western Asia Minor, description 
of, 10. 


equivalents of the Apennine lime- 
stone, 10. 
principal localities of, 1, 10. 
general remarks respecting, 13. 
Crete, remark respecting the system of elevation to 
which it belongs, 4. 
Crinoidal remains, remark on the, found at Dinas 
Head, 560. 
Cromford, description and section of the carboni- 
ferous limestone strata near, 230. 


INDEX. 


Crustacea, observations on the distribution of, in 
Paleozoic rocks, 330. 

Culm deposits, Mr. Austen, account in the S.E, of 
Devonshire, 4.57. 

relative position of, to the older de- 

posits near Chudleigh, 458, 460. 

account of the igneous rocks con- 
nected with, 473. 

Cuvier, G., statements respecting the views of, rela- 
lative to the Stonesfield fossil jaws, 48. 

notice of his remarks on the Megatherium, 


81. 

Cypricardia, new species from Villmar, described,374. 

Cyprus, remark respecting the system of elevation to 
which it belongs, 4. 

Cyrthoceratites, description of new species from the 
Rhenish provinces, with remarks on previously 
known species, 348. 

distribution of, in Paleozoic strata, 


327. 
Cyrtia, species of, confined to Silurian strata, 319. 
Cyzicus, notice of the formations composing the pro- 
montory of, 6, 22. 


D. 


D’Alton, Prof., notice of his description of remains 
of the Megatherium, 83. 

Damasio Larranaga, notice of his account of the 
discovery of osseous remains and a tessellated bony 
armour, 81. 

Dannenberg, M.., list of fossils collected by, from the 
Wissenbach black schists, 255 note. 

D’ Archiac, Viscount, de Verneuil, M. Edouard, onthe 
fossils of the older deposits in the Rhenish pro- 
vinces ; preceded by a general survey of the fauna 
of the Paleozoic rocks, and followed by a tabular 
list of the Devonian species in Europe (see also 
Paleozoic fossils), 303. 


account of the 
new species, with remarks on others previously 
described, 336 et seq. 

—_— ——_—_—_—_————_—— tabular list of the 
fossils, 377 et seq. 

Dart, remarks on ancient alluvia in the valley of the, 
439. 

Conchifera Dimyaria, observations on the occurrence 


INDEX. 


Dart, remarks on the carbonaceous deposits between 
Skeriton and Holne, in the valley of the, 460. 

Dartmoor, account of the granite of, 4:76. 

physical features of, 477. 

Darwin, Charles, Esq., on the distribution of the 
erratic boulders, and on the contemporaneous un- 
stratified deposits of South America, 415. 

Dawlish, notice of regenerated new red sandstone 
near, 447. 

account of the faults in the cliffs near, 483. 

De Blainville, M., remarks on his doubts respecting 
the mammalian nature of the Stonesfield jaws, 47 


et seq. 

——— observations on his opinion respect- 
ing the Megatherium having had an osseous der- 
mal covering, 99. 

Deenair, notice of the nummulitic limestone of, 13. 

Delthyris, species of, confined to Silurian strata, 319. 

Demirji or Temnus chain, notice of the range of 
the, 3. 

— remarks on its struc- 

ture, 7. 

Denbury, notices of the limestone deposits near, 
464. 

Denmark, Dr. Forchhammer, on some changes of 
level in, during the present period, 157. 


De Verneuil, M. Ed. and d’ Archiac, Visc., on the fos- © 


sils of the older deposits in the Rhenish provinces, 

‘preceded by a general survey of the fauna of the 
Paleozoic rocks, and followed by a tabular list of 

the Devonian species in Europe (see also Paleozoic 

fossils), 303. 

account of the 

new species, with remarks on others previously 

described, 336 et seq. 


tabular list of the 
fossils, 377 et seq. 

Devonian rocks of Westphalia, description of the, 
235. 

—  —_—_— upper beds com- 

posed of psammitic flagstones, 235. 

range and descrip- 

tion of the limestone of Mettmann, Elberfeldt, 


&e., 235. 


—_—_—__—_—_-_— notices of the cha- 
racteristic fossils, 237. 
Devonian rocks of Westphalia, description of, in the 
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stern prolongation to Meschede and Brilon, 
238. 

Devonian rocks of Westphalia, description of litholo- 
gical changes detailed, 238. 


abundance of 
Iron ores in the, striking consequence of intrusive 
rocks, 239. 


rocks of Bensberg, &c., 241. 
———————ACcOUntn at 
the inversion of the series, 241. 

Nassau, described, 244. 
succession of deposits 


calcareous 


near Dillenburg, 244. 


as account of the limestones 
of Oberscheld, Sessacher, &¢., 246. 
of the Lahn, description of: 


248. 


account of the 


schaalstein, 248. 


lime-stones, 250. 


of the Eifel district, described, 

277 et seq. 

of the Hartz between Clausthal 
and Grund deseribed, 288. 

Devonian system, tabular list of the organic remains 


of the, in Europe, together with the species of the 
Silurian and carboniferous systems in the Rhenish 
provinces, 377. 
Devonshire, Mr. Austen on the geology of the south- 
east of, 433. 
description of the deposits superior to the 
chalk, 434-449. 


ee 


sand deposits, 449-453. 


cretaceous and grcen- 


new red sandstone, 


453-457. 


See —————- carbonaceous deposits, 
45762. 


—_—__— strata subjacent to the 
carbonaceous deposits, 462-470. 
—— igneous rocks, 470- 


480. 


cleavage, 4.80. 
faults, &c., 482. 
comparison of the granite and schists of, 
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with similar formations in the Cotentin. 563, 
566. 

Dichobunes, Mr. Owen, account of some remains of, 
from the Isle of Wight, 41, 45. 

Dietz, notice of strata near, 252. 

Dillenburg, strata in the neighbourhood of, identified 
with carboniferous rocks in Westphalia, 234. 

description of the Devonian rocks near, 


244:, 
— successive deposits, 
244. 


notice of the copper-mines near, 247. 
account of greywacke strata near, 256. 


Diluvium, a great proportion of, considered by Mr. 
Smith to be tertiary, 154. 

Dinas Head conglomerate, notice of the, 558. 

—— comparison of, with a variety of Caradoc 

sandstone, 558. 

remark on the crinoidal remains found 
in the, 558. 

Dislocations, notices of, in the S.E. of Devonshire, 
482. 

Dixon Fold, description of the fossil trees found at, 
173. 


Se eee 


additional observations, 
177. 

D’Omalius d’Halloy, M., notice of his remarks on 
the structure of Brittany, 563. 

Dumont, Prof., notices of his descriptions of the Bel- 
gian groups, 223, 225, 268 ef seq. 

account of the terrain anthraxifére 


of, 269. 
Dundar, notice of the lacustrine basin of, 16. 
Dunhamstead, section of the junction beds of the 

lias and red marl at, 559. 


E. 


Earthquake, account of the, at Lisbon, 1755, 130. 
ES limits of, 131. 
range of, with respect to 


the geological structure of the country, 131. 

did not affect buildings situated on 
Espichel limestone or trap, 131. 

East Ogwell, notices of the limestone deposits near, 
464, 465. 


INDEX. 


Eckington, notice of fluviatile deposit containing 
mammalian remains near, 554. 

Ees, sequence of rocks in the gorge of the, 281. 

Ehrenbreitstein, section of dislocated and contorted 
strata at, 265. 

Eifel, remarks on supposed age of the limestone of 
the, 226. 

= the true age of the limestone, 226. 

description of the formations composing the 

district of the, 276. 

description of the Devonian rocks of the, 277 

et seq. 


shales, red psammites, &e. 
under the Eifel limestone, 279. 
ee analogy of, ato 

formations on the right bank, 279. 

Elberfeldt, description of the Devonian limestone of, 
237. 

Elbersreuth, account of the strata to the N.W. of, 300. 

Elbingerode, account of the limestone of, 293. 

Elevation, remarks on the unequal effects of, in the 
south-east of Devonshire, 485. 

Elevation, observation by the Rev. W. B. Clarke on 
transverse fissures or ravines being the mecha- 
nical effects of, 566. 

English Channel, remarks on the connexion of the 
physical phenomena presented on the opposite 
coasts of the, 563, 566. 

Eocene formation, description of mammalian remains 
found in the, of the Isle of Wight, 41. 

Ephesus, notice of the marble of, 8. 

effects produced by the al- 
luvia of the Cayster in the port of, 21. 

Erdek, notice of the formations adjacent to, 6. 

Erratic boulders, Mr. Darwin on the distribution of, 
in South America, 415. 

first noticed south of Rio Plata, 

on the banks of the Santa Cruz, 415. 

—_—— - very numerous in 

long. 70° 50’ W., lat. 50° 10! S., 415. 

remarks on the mode of occurrence 


on the plains near the Santa Cruz, 416. 
difference in the characters of, on 


high and lower plainsbordering the Santa Cruz,417. 


account of, in Tierra del Fuego 
and on the shores of the Strait of Magellan, 
417. 


INDEX. 


Erratic boulders, on the probable direction of their 
transport in Tierra del Fuego and Chiloe, 419, 425. 

account of, on the north and east 

coasts of Chiloe, 4.24. 

— probable relative age of the boulder 

formation of Chiloe, 426. 


boulder 


——e=r 


formation of Tierra del Fuego, 426. 


— on the transportal of, by ice, 427. 
observations on the range of, with 
reference to the tropics, 427. 


— being 
probably confined to the distribution of till, 427. 

Eruptive rocks, description of, in parts of the districts 
on the right bank of the Rhine, 263. 

Erythre, account of the formations around, 8. 

Eshén, notice of trappean rocks near, 23. 

Espichel limestone, description of, in the neighbour- 
hood of Lisbon, 120. 

notices of the principal tracts 

occupied by, 120 et seq. 

list of organic remains found in, 


j21. 

Estoril, tepid springs of, noticed, 120. 

Estuaries, account of raised, in the south-east of De- 
vonshire, 440. 

Estuary deposits, account of, in the south-east of 
Devonshire, 434. 

Euomphalus, distribution of species in Paleozoic 
rocks, 323. 

— descriptions of new species from the 

Rhenish provinces, 362. 

Exe, notice of raised estuary deposits in the valley 
of the, 440. 

—— the course of the, traverses a north and south 
fault, 486. 

Exeter, account of the igneous rocks in the neigh- 
bourhood of, 4:74. 

remarks on the age of, 474. 

Elizabeth Island, notice of the cliffs bordering, and 
of the boulders at their feet, 418. 


F. 
Falkland Island, no erratic boulders noticed on East, 
by Mr. Darwin, 427 note. 
no elevated marine shells on, 427 
note. 
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Fault, description of the great, called the Horse, in 
the Forest of Dean, 215. 


Faults, account of, in the south-east of Devonshire, 
482. 


Faults and dislocations, account of, near Cintra, 128. 


effects of, 
on the different formations, 128. 


SERRE between Palmella 
and Cape Espichel, 129. 


notices of, in the south-east 


of Devonshire, 482. 

Ffernant Dingle, notice of Silurian rocks in, 196. 

Fichtelgebirge, description of the stratified rocks ex- 
tending from the Thuringerwald through Upper 
Franconia to the, 296. 

Fire-clay, account of, in South Wales, 49. 

Fishes, fossil, list of Devonian, by Sir P. Egerton, 
380. 


recent, remarks on the remains of Mediter- 
ranean species being confined to the south-west of 
English Channel, 435. 

Fissures, remarks on the ossiferous, of Devonshire, 
443, 

——-—— observations by the Rev. W. B. Clarke on 
the phzenomena of transverse, and ravines being the 
mechanical effect of elevation, 566. 

Flints, chalk, arguments adduced in support of their 
organic origin, 18]. 


—y 


—— from traces of reticulated 
structure, 182 et seq. 


from the occurrence of 
spicule and foraminifere, 182 et seq. 

from silicified Echinide, 
186. 


from the flints enclosing 
nuclei of sponges or corals, 187. 

— difference in the organic contents of 
perpendicular or oblique veins of flints and of ho- 
rizontal layers, 185. 

Flint, deposition of, not due to siliceous spicule, but 
to animal matter, 192. 
opinion supported by reference 


to the siliceous corals of the mountain limestone, 
&e. and pyritical organic remains, 193. 
Flotzlehrer sandstone, shown to belong to the lower 
coal-measures, 229. 
Fluss-stein, account of, in Nassau, 246. 
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Fluviatile deposits, notice of, in the south-east of De- 
vonshire, 434. 

Fluviatile gravel, description of, along the line of the 
Birmingham and Gloucester railway, 550. 

Foraminifera, notice of, in the carboniferous lime- 
stone of Russia, 312 and note. 

Forchhammer, G., on some changes of level in Den- 
mark during the present period, 157. 

Forest of Dean, description of the great fault called 
the Horse, in the, 215. 

Fossils (see Birds, Fishes, Mammalia, Plants, Rep- 
tiles, Saurians, Shells, Trees). 

-_—_— description of, from the Devonian system of 
the Rhenish provinces, Belgium, &c. (see also 
Paleozoic Fossils), 303. 

ee tabular -~list. of; 
in Europe, together with the species of the Silurian 
and carboniferous systems in the Rhenish pro- 
vinces, 377. 

Fossils, lists of, found in the lacustrine basins of 
Western Asia Minor, 16, 17, 18. 

tertiary strata near Lis- 


bon, 113. 


Lisbon, 116, 120, 121. 
— from the tertiary strata at Beau- 


secondary strata near 


port, near Quebec, 136. 
from the upper sandstone, corn- 


brash, Kelloway’s rock, and Oxford clay of the 
Yorkshire coast, 144-152. 

in the London and plastic clays of 
White Cliff and Alum Bays, 170, 172. 

found in Silurian rocks west of 


Abergele, 198. 


at Herborn, 24.5 note. 
— from the greensand of the Haldons 
and Bovey valley, 452. 
————— coral limestones of South 
Devon, 466. 


— red arenaceous strata of, 


469. 


— lower lias on the Birming- 
ham and Gloucester railway, 547. 


notices of, characteristic of the carboni- 
ferous strata of Westphalia, 233. 


_—. 


rocks of Westphalia, 237, 242. 


Deyonian 


INDEX. 


Fossils, notices of, characteristic of the Silurian 
strata of Wissenbach, 255 note. 
et —-—— Silurian 


strata under the Eifel limestone, 279. 


-———_——. Devonian 


strata of the Hartz, 289. 
from near Goslar, 292 note. 


characteristic of the mountain 
limestone near Trogonau, 298. 


— Devonian 
series from near Gattendorf, 299. 

ee collected by Mr. Maclauchlan 
and Mr. Still in Pembrokeshire, 557. 

Fouges, account of igneous rocks near, 26. 

Fox, Rev. W. D., account of remains of the Che- 
ropotamus, &c. found in the Isle of Wight by, 41. 

—— list of remains of Anoplotherium 
and Paleotherium found by, 44. 

Fractures, notices of, in the south-east of Devonshire, 
482. 

France, observations on the connexion of the phy- 
sical phenomena presented along the north-west 
coast of, and those on the opposite coast of En- 
gland, 566. 


G. 


Gasteropoda, observations on the occurrence and 
distribution of genera of, in Paleozoic rocks, 323. 

Gattendorf, notice of fossils of the Devonian series 
from near, 299. 

German Ocean, notice of remains of the Mammoth 
found in the, 161. 

Germany, Prof. Sedgwick and Mr. Murchison on 
the distribution and classification of the Paleozoic 
deposits of the north of, and Belgium, and their 
comparison with formations of the same age in 
the British Isles, 221. 

Gerolsgriin, observations on the strata between Hof 
and, 299. 

SS al 
Prusseck, 299. 

Gerolstein, section of strata near, 278. 

Ghiediz, notice of white limestone of the basin of, 17. 


trachytic rocks near, 24. 
Glaciers, remarks on the, of Tierra del Fuego, 427. 
Gladbach, account of the Devonian strata of, 243. 


INDEX. 


Glyptodon clavipes, Mr. Owen, description of a 
tooth and part of the skeleton of the, 81. 
—— — notices of previous accounts 


of portions of the skeleton, 81. 

remarks on the supposition 
that the dermal osseous covering belonged to the 
Megatherium, 81. 


description of the teeth, 86. 
ee — difference be- 
tween them and the teeth of Armadillos, 87. 

— portion of the 


—_—— humerus, 88. 

radius, 88. 

(a comparison of the radius with 
that of the Megatherium, 88. 

—— description of two unguial 


— 


phalanges, 89. 


ae approach most 

nearly in structure those of the Dasypus, 89. 

description of the tibia, 90. 
a — astragalus, 


90. 
——__—__————. comparison of, with that of 
the Dasypus, 91. 


——— 


description of the os calcis, 91. 
—— scaphoides, 
&e., 92. 
metatarsals, 93. 
phalanges, 94. 
observations respecting the 


hind feet, 95. 


—— description of the tessellated 
armour, 96. 


—— observations on the pelvis 
and that of the Armadillo in connexion with its 
dermal armour, 98, 100. 
of analogous structure in the pelvis, &c. of the 
Megatherium, 101. 

account of remains of, found in the bank 
of the Pedernal, 103. 

comparative measurements of bones of, 
and of those of the Megatherium, 104. 

—_ _———-- the remains 
of, found by Sir W. Parish, and of the Mega- 
therium, 104. 
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Gold, notice of the, procured from the upper ter- 
tiary sand near Lisbon, 109. 

Goniatites, remarks on the distribution of, in Pale- 
ozoic strata, 328. 

description of new species, from the Rhe- 

nish provinces, &¢., 337. 

Goslar, section of inverted and fragmentary strata 
near, 286. 

— description of a section from the hills north 

of, to the granite of Ocker Thal, 290. 

section of slate quarries of Nordberg near, 


290. 

——— list of fossils from the neighbourhood of, 
292 note. 

Gozuljah, notice of lacustrine strata in the basin of, 
ifs 

Graah, Captain W., reference to his account of ice 
shooting up from the bottom of the sea on the 
east coast of Greenland, 423 note. 

Granite, notices of, in Western Asia Minor, 6, 22. 

Granitic rocks, account of, at Cintra, 127. 

associated with syenite and porphy- 


ries, 128. 


traversed by veins of finer grain, 128. 
Granite of Dartmoor, account of the, 476. 
not wholly of one epoch, 


477. 


remarks on the period of the protrusion of, 

478. 

— observations on the comparatively recent ori- 
gin of, in Normandy, Brittany and Devonshire, 
563. 

Graptolites, notice of, found at Robleston and 
Abereiddy Bay, 558. 

Grauwacke, description of, in Nassau, 256. 

of the Rhenish provinces not separable 
into formations, 258. 


— remarks on the thickness of the strata of, 
in the Rhenish provinces, 258. 

Gravel, remarks on the, in the north-east of Devon- 
shire, 442. 

account of veins of, penetrating granite in 
Guernsey, 567. 

Gregory Bay, description of the deposits in the cliffs 
of, 421. 


sections of cliffs exhibiting peculiar 
phenomena in, 422, 423. 
9 
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Griefenstein, account of Silurian strata near, 256. 
Greensand, description of, in the south-east of De- 
vonshire, 449. 
account of western extension of, beyond 
the Haldons, 450. 
in the Bovey valley, 450. 
list of fossils from the, of the Haldons 
and Bovey valley, 452. 
remarks on the difference in the mollus- 
cous remains of Blackdown and Haldon, 452. 
Greensands, on the siliceous bodies of the, 189. 
evidences adduced of their or- 


ganic origin, 190. 

Greenstone, notices of, in Western Asia Minor, 22. 

principal localities of, 2, 22. 

local descriptions of, 22. 

Griind, description of the section from Clausthal to, 
288. ’ 

Guernsey, notice of veins of gravel traversing gra- 
nite in, 567. 

Gunay, notice of the trachytic rocks of, 25. 


H. 


Haldons, account of the uppermost beds of, 447. 
greensand of, 450. 
list of fossils 


S$ 


from, 452. 

Hamilton, W. J. Esq., and Strickland, H. E. Esq., 
on the geology of the western part of Asia Mi- 
nor, l. 

Hammanili, notice of porphyritic trachyte at, 23. 

Harlan, R., M.D., on the discovery of the remains 
of the Basilosaurus or Zeuglodon, 67. 

Harmanjik, account of the lacustrine basin of, 16. 

Hartz, Prof. Sedgwick and Mr. Murchison, account 
of the structure and formations of the, 283. 

general structure of the, 283. 


account of the four classes of igneous rocks in 

the, 285. 

age of the sedimentary strata of the, 288. 

description of the south-eastern extremity of 
the, 294. 

Hawkshaw, J. Esq., description of the fossil trees 


found in the excavations for the Manchester and 
Bolton railway, 173. 
additional remarks, 177. 


ete 


INDEX. 


Herborn, account of the Devonian strata near, 245. 

list of fossils found at, 245 note. 

Hermus, description of the formations of the upper 
basin of the, 10. 

section of beds one mile north of the, 11. 

notices of tertiary strata near the, 19. 

notice of the effects produced by the al- 

luvia of the, 21. 

description of volcanic rocks of the first 

period of the Catacecaumene, north of the, 29. 


of the seeond 
period, 30. 


third 


period, 31. 

Herne Bay, observations on the structure of the 
coast near, 211, 213 note. 

Heteropoda, remarks on the genus Bellerophon, $25. 

Hierapolis, notice of the thermal springs and trayer- 
tine of, 21. 

Hippurite limestone, description of, near Lisbon, 
115. 


section of beds of, in the val- 
ley of Alcantara, 115. 

district occupied by, 115. 

list of organic remains found 


in, 116. 

Hof, observations on the strata between, and Bai- 
reuth, 298. 

—-, and Ge- 
rolsgriin, 299. 

Hope’s Nose, account of the raised recent marine 
deposit at, 441. 

Horein, section of wedge-shaped strata near, 265. 

Horse, description of the great fault called the, in 
the Forest of Dean, 215. 

Humboldt, Baron A., reference to his observation on 
the connexion of granite with quartz-rock and 
schist, 563. 

Hundsriick, description of the older slates of the, 
281. 

Hushak, notice cf the formations near, 10. 

—<—<—<——————— lacustrine basin of, 17. 

shells found in, 18. 

Hiittenrode, notice of the ascending section near, 
294. 

Hyzna, observations on the habits of, with reference 
to ossiferous caves, 445. 


— 


INDEX. 


Hyzna venatica, remarks on the habits of, 445. 
Hyracotherium, Mr. Richardson, observations on the 
locality of the, 211. 


discovery of the, 213. 
Mr. Owen’s description of the speci- 


men, 203. 
account of the portions preserved, 


204. 
— comparison of, with the Cheropota- 


mus and hog tribe, 204. 


I. 


Ice, remarks on the transport of fragments of rock 
by, in the St. Lawrence, 140. 

possible effects of drifted ice 

on the temperature of the St. Lawrence and its 

testacea, 140. 

remarks by Mr. Darwin on the agency of, in 
transporting boulders, 429. 

Ichthyosaurus, Mr. Owen, description of some of the 
soft parts with the integument of the hind fin, 199. 

inferences deduced from its charac- 


ters, 201. 
Igneous rocks in Western Asia Minor, enumeration 
of, 2. 
—__—__—— description of, 22 et seq. 
near Lisbon, description of, 124. 
——_——. basalt, 124. 
granitic rocks, 127. 


a 


account of four classes of, in the 


Hartz, 285. 
ae description of, in the south-east of 
Devonshire, 470. 


es 


the older deposits, 470. 


interstratified among 


older deposits, 471. 


—_—— 


intruded among the 


—— interstratified among 
the carbonaceous deposits, 473. 
intruded among the 


carbonaceous deposits, 474. 


remarks on the effects produced by, 
among the sedimentary strata, 479. 

Igneous and volcanic rocks in Asia Minor, more 
prevalent in the north than the south, 57. 
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Tlefeld, section of the country near, 286. 

Ilfracombe, section of cleavage in curved strata 
near, 481. 

Ilijah, notice of travertine and thermal springs at, 20. 

Infusoria, notice of Ehrenberg’s discovery of, in 
silex of the carboniferous epoch, 310. 

Inverted strata, notices of, in Westphalia, 240. 

— near Bensberg, 241. 

in Belgium, 268. 

in the Eifel district, 277. 

———__——_—__——__——--—_ north of the Brocken, 286. 

— north of Neustadt, 292. 

Insecta, remarks on the occurrence of, in Paleozoic 
rocks, 330. 

Interstratified igneous rocks, account of, in South 
Devon, 470, 4:73. 

Intrusive igneous rocks, aceount of, in South Devon, 
ATI, 474. 

Iron ores, abundance of, in Devonian rocks, striking 


— 


consequence of intrusive rocks, 239. 
Isle of Wight, description of remains of Cheropota- 
mus, &c. from the Eocene formation of the, 41. 
on the London and plastic clays of 


the, 169. 
J 


Jaeger, Prof., remarks on his genus Mastodonsaurus, 
503 et seq. 

Joints, observations on the, of the new red sand- 
stone of Devonshire, 455. 


coral limestones, 


463. 
—— general remarks on, in South Devon, 480. 
observations on the, which traverse quartz 
rock and schists in the vicinity of Cherbourg, 566. 


K. 


Kaplan Alan, description of the extinct volcano 
of, 32. 

Karabagh, notice of the island of, 9. 

Kara-bornou, notice of the limestone of the penin- 
sula of, 12. 

Kara-dewit, description of the extinct. craters, or 
Kara-dewits of the Catacecaumene, 31 et seq. 

Kelloway’s rock, description of, on the Yorkshire 
coast, 146, 148, 150. 
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Kelloway’s rock, fossils found in, 146, 150 et seq. 
———————— common to other 


——_ - 


formations, 147. 
Kent’s Hole, remarks on the mammalian remains 
found in, 44:4. 
Keratose sponges, proofs that they contain siliceous 
spicule, 182 note. . 
Kiesel-Schiefer, description of beds of, associated 
with carboniferous limestone in Westphalia, 231 
et seq. 
notice of, in the Hartz district, 289. 
Kingskerswell, notice of the limestone of, 463. 
Koola, account of the formations near, 8. 
description of volcanic rocks of the first 
period of the Catacecaumene near, 29. 


— second 


period, 29. 

ee HIT 
period, 31. 

account of the Kara-dewit of, 31. 

Kyson, notice of mammalian remains found in the 
London clay of, 203. 


L. 


Labyrinthodon, Mr. Owen on the teeth of species 
of the genus Labyrinthodon, common to the 
German Keuper formation and the lower sand- 
stone of Warwick and Leamington, 503. 


Batrachian character of 
the, of Germany alluded to, 504. 


—— remarks on the form of 


the teeth, 504. 


structure of the teeth, 505. 


—— 


internal 


a 


—_——-—— —— simila- 
rity of structure in the teeth of the Crocodile, Ple- 
siosaur, &c., 505, 507. 


no instance of folds con- 
verging at regular intervals from the whole circum- 
ference to centre in the teeth of Mammalia, 505. 
comparison of, with the 
teeth of the Ichthyosaurus, 506. 
remarks on the condi- 
tions under which the teeth would present the 
type of those of certain cartilaginous fishes, 510. 
laniarius, (pachygnathus) remarks on 
the structure of a tooth of the, 511. 


INDEX. 


Labyrinthodon, description of parts of the skeleton 
and teeth of five species of, 515. 

leptognathus, portions of the upper 

jaw described, 516. 


remarks on their 
affinities to analogous portions in the head of the 
Crocodile and Batrachia, 518. 


—_—_—__—__—___———. remarks on the ana- 
logies presented in the arrangement of the 
teeth of, to the dental characters of Batrachia, 
519. 


described, 521. 


part of the lower jaw 


Batrachian 


—— 


analogies of, pointed out, 521. 

aa a dorsal vertebra, de- 
scribed, 523. 

—_—. analogy 
in its structure to vertebre of Batrachia, 523. 

account of other re- 


mains of, 524. 


—_— general summary of 
the Batrachian character of the, 525. 


pachygnathus, remains of, described, 


526 et seq. 


—— account of portion of 
a lower jaw, and of its affinities to the lower jaw 
of Batrachia, 526. 


remarks on some ich- 
thyic analogies in the teeth, 528. 


account of portions of 
upper jaw, 528. 


further Ba- 
trachian and Crocodilian affinities pointed out, 
528. 


the existence of sub- 
terminal nostrils shown, 531. 


the mode of breathing, 531. 


inference respecting 


that the 


respecting 
the generative organs of, 531. 


— description of bones of 
the extremities, ilium, &¢c., 533. 


rn analogies to Batrachian 
and Crocodilian characters pointed out, 533. 


INDEX. 


Labyrinthodon Jzgeri, observations on the structure 
of the teeth of, 505. 
ventricosus, description of remains of 


——— 


lower jaw of, 537. 
scutulatus, description of vertebre, 


ribs, humerus, femur, tibize, and dermal scuta 
of, 538. 


538. 


Batrachian anologies shown, 


——— 


— observations respecting the 
dermal scuta, 538, 541. 

Lacustrine tertiary basins in Western Asia Minor, 
notices of, 15. 

—_———_——_——_—__——_—__-—_ lists of shells 
found in, 16 et seq. 

deposits, notice of the, between Bovey 

and Kingsteignton, 439. 


Lacuy Peninsula, observations on the position of 
erratic boulders on the, 425. 

Lahn, notice of eruptive rocks in the districts of 
the, 264. 

description of the Devonian rocks of the, 


248. 

— the schaalstein, 249. 

— the limestones, 250. 
Larcombe Bridge, notice of outlying patch of green- 


sand near, 451. 

Le Roule, description of the hill of, near Cher- 
bourg, 565. 

Landsborough, Rev. D., notice of his researches in 
the deposits newer than the diluvium at Stevens- 
ton, 155. 

Laurillard, M., notice of his remarks on casts of 
some of the mammalian remains brought to En- 
gland by Sir W. Parish, 84. 

Lavas, description of, in the Catacecaumene, 30 
et seq. 

remarks respecting, 33. 

on the action of running water on, 


34 and note. 

Leamington, account of remains of the Labyrintho- 
don from the lower sandstone of, 503, 515. 

Lenne, section of the Devonian limestone strata in 
the gorge of the, between Lethmate and Griine, 
237. 

Lepidostrobus variabilis, notice of, found at Dixon 
Fold, near Manchester, 174. 


587 


Leptanz, observations on the position of, among 
Brachiopoda, and distribution in Paleozoic rocks, 
318. 


species of, from the 
Silurian strata of the Rhenish provinces, 409. 

Level, observations on relative changes of, in south- 
east of Devonshire, 484. 

Lew Trenchard, section of unconformable cleavage 
in strata near, 481. 

Lias, description of, along the line of the Birming- 
ham and Gloucester railway, 551. 

section of the junction beds of, with the red 

marl at Dunhamstead, 550. 

observation on the distribution of organic re- 
mains in, along the line of the railway, 551, 552. 

Lickey, account of the cutting across the, in the line 
of the Birmingham and Gloucester railway, 547. 

reference to Mr. Murchison’s description of 
the, 547. 

Lieser, sequence of rocks in the gorge of the, 
281. 

Lignite, account of beds of, in the red sandstone 
formation of the neighbourhood of Lisbon, 119. 
Limestone, compact, notices of, in Western Asia 

Minor, 10 et seq. 
tertiary lacustrine, notices of, 15 et seq. 


Limestones of South Devon, remarks on the origin 
of the, 464. 

a FOSS, OF, 4:65- 

— list 


of, 466. 
Limestone breccia of Petit Tor, referred to the car- 


bonaceous series, 461. 
Limestone, see also Carboniferous, Devonian, &c. 
Lisbon, Mr. Sharpe on the geology of the neigh- 
bourhood of, 107. 
— account of the aqueous deposits, 108. 
tertiary formations, 


tions, 115. 
—______—__—— igneous rocks, 124. 


faults and dislocations, 128. 
superficial deposits, 130. 
—______—____—. earthquake of 1755, 130. 
— postscript on the relative age of the forma- 
tions, 132. 


secondary forma- 
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Lithornis vulturinus, Mr. Owen, description of re- 
mains of a species of bird named by the author, 
206. 

account of the specimens, 206, 
208. 

—_______—— comparison of, with the ordi- 

nary birds of flight, 207. 

greatest number of correspond- 
ences detected in skeletons of Accipitrine species, 
207. 


closest agreement found to be 
with vultures, 207. 

Lizard, description of remains of a, from the chalk 
of Kent, 412. 

Local gravel, notice of, near Cheltenham, 55. 

Logan, W. E. Esq., on the characters of the beds of 
clay immediately below the coal-seams of South 
Wales, and on boulders of coal in the Pennant 
grit of that district, 491. 

London clay, Mr. Bowerbank on the, of the Isle of 
Wight, 169. 

— Mr. Owen, description of some ophi- 

diolites from the, 209. 


2 —— a mammal 

(Hyracotherium) found in the, 203. 
———__—_—_—__—_-— a bird (Li- 

thornis vulturinus) found in the, 206. 

Lower lias, description of, along the line of the Bir- 


mingham and Gloucester railway, 551. 

Lower new red sandstone, account of, in the cutting 
through the Lickey ridge, 547. 

unconformable to the upper 


new red, 547. 
Lower tertiary conglomerate, a formation of, near 
Lisbon, described, 113. 
———— sectional lists of beds 
belonging to, 114. 
Lucina, description of new species from Sotenich, 
375. 
Lyme Regis, remarks on the chert of the greensand 
near, 190. 
Lyell, C. Esq., on some fossil and recent shells, col- 
lected by Capt. Bayfield in Canada, 135. 
reference to his account of the ‘ till’ 
or unstratified deposits of England, &c., 420. 


INDEX. 


M. 


Macestus, notice of the lacustrine basin of, 17. 

description of trachytic rocks in the val- 
ley of the, 24. 

Maclauchlan, H. Esq., notes to accompany some 
fossils collected by, and Mr. Still in Pembroke- 
shire, 557. 

Meander, remarks on the lower vale of the, 19. 

~—— notices of the changes produced by the 
alluvia of the, 21. 

Mammalia, notices of remains of extinct, in the 
south-east of England, 443. 

— notice of remains of, found near Eck- 
ington, 554. 

Mammalia, fossil, see Anoplotherium, Cheropotamus, 
Dichobunes, Glyptodon, Palzotherium, Phasco- 


lotherium, Thylacotherium, Zeuglodon, Hyraco- 
therium. 

Mammoth, notices of remains of, found in the Bri-+ 
tish Channel and German Ocean, 161. 

Manchester and Bolton railway, description of fossil 
trees found in the line of the, 173. 

additional observa- 


tions, 177. 

Marble, account of, associated with micaceous schist, 
in Western Asia Minor, 5. 

Marble crystalline, often associated with igneous 
rocks in Western Asia Minor, 38. 

Marine beds, notice of, now forming on the south- 
east coast of Devonshire, 435. 

Marine currents, remarks on the probable similar 
direction of ancient, with existing, adjacent to the 
present Strait of Magellan, 419. 

direction of an- 

cient, over portions of the Island of Chiloe, 425. 


Marine erratic gravel with flints, account of, along 
the line of the Birmingham and Gloucester rail- 
way, 554. 

Marine erratic gravel without flints, description of, 
along the line of the Birmingham and Gloucester 
railway, 554. 

Marine shells, notice of great extent of elevated, on 
the coasts of Patagonia, 427 note. 

— none observed in East Falkland Island, 

427 note. 


Martin, Capt. J. B., description of bones of the Mam- 


INDEX. 


moth found in the deep sea of the British Channel 
and German Ocean, 161. 

Mastodonsaurus, objections to the generic appella- 
tion of, 503. 

Mediterranean, remarks on recent species of fishes 
common to the, and the south-west coast of En- 
gland, 435. 


— lists of mollusca common to, and 
the south-west coast of England, 435. 

Megalodon, new species, from Paffrath, described, 
373. 

Megatherium, observations on the supposition that 
the osseous dermal covering found in South Ame- 
rica belonged to the, 81. 

notices of remains of, found in South 


America, 82. 
consideration of the question whether 


the, possessed a dermal armour, 96. 
remarks on the absence of those cha- 


racters in the pelvis, &c., exhibited in the analo- 
gous portions of the Armadillo, 101. 

tabular view of the principal circum- 
stances connected with the discovery of twelve 
skeletons of the, 102. 


no bony armour 
found with or near these remains, 103. 
summary of the argument that the, 


had not an osseous carapace, 105. 

Megné, account of the volcanic rocks near, 30. 

description of the Kara-dewit between, and 
Sandal, 32. : 

Melanos, notice of the upper portion of the promon- 
tory of, 6. 

Messogis chain, notice of its range, 4. 

structure, 8. 


Mettmann, description of the Devonian limestone 
of, 236. 

Micaceous sandstone, notices of, in Western Asia 
Minor, 10 et seg. 

Micaceous schist and marble, description of, in 
Western Asia Minor, 5. 

——— principal localities, 


1, 6. 


—— 


notices of, in the 
Cataeecaumene, 29 et seg.; general remarks re- 
specting the range of, 37. 
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Miletus, notice of the effects produced by the alluvia 
of the Meander on the port of, 21. 

Milber Down, notice of the greensand of, 4.50. 

Models, notice of, constructed by Mr. Sopwith to 
illustrate geological phenomena, 568. 

Modern alluvia, notice of, along the line of the Bir- 
mingham and Gloucester railway, 555. 

Modern aqueous deposits, description of, in Western 
Asia Minor, 20. 


account of, formed by ther- 
mal springs, 20 e¢ seq. 

Modern volcanic rocks, description of, in Western 
Asia Minor, 27. 

Mollusca, notice of, in the estuaries of the south-east 
of Devonshire, 434. 

list of, inhabiting the English Channel 
along the coast of Devonshire, 435. 

Monodonta, account of a species from Paffrath, 358. 


Monte Video, account of fossil bones deposited in 
the museum of, found in 1838, 103. 

Morad Dagh and Sultan Dagh, notice of the structure 
of, 7. 

Morris, Mr., remarks of, respecting vegetable remains 
found at Dixon-fold, 174. 

Meselle, description of the older slates of the, 280. 
Moudania, notice of the lacustrine basin of, 15. 
trap rock near the town of, 22. 


Mount Latmus, notice of the range of mountains 
extending from, 4. 
Mount Olympus of Mysia, notices of the structure 
of, 6. 
ro a ridge of 
rocks ranging westward from, 7. 
Miinchen-Miihle, section of Devonian strata near,Z51. 
Minster Eifel, description of the phenomena pre- 
sented by a section between, and Weingarten, 277. 
Murchison, R. I. Esq., and Sedgwick, Rev. A., on 
the distribution and classification of the Palzeozoic 
deposits of the north of Germany and Belgium, 221. 
Murchisonia, distribution of, in Paleozoic rocks, 324. 
— description of the genus, and of species 
from the Rhenish provinces, 355. 


N. 


Nassau, description of the Devonian rocks of, 24:4. 
Silurian rocks of, 252. 
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Nassau, description of the Silurian Wissenbach schists, 
253. 


— grauwacke, 256. 
list of 
localities at which fossils are found, 257 and note. 
Natica, description of new species from Paffrath, 366. 
Nautilus, notice of, in Paleozoic strata, 326. 
Navarin Island, description of the cliffs bordering, 
420. 


observations on the origin of the de- 
posits, 420. 

New red conglomerate, description of, in the cuttings 
for the Birmingham and Gloucester railway, 547. 

New red sandstone, description of, in the south-east 
of Devon, 453. 

subdivision of, into marls, sand- 


stones and conglomerates, 453. 


remarks respecting the origin of 
the conglomerates, 4:53. 

the subdivision not considered 
members of an ascending series, 454. 


remarks on the ferruginous co- 
lour of the, 454. 


pA Ss. jointed structure 
of the, 455. 


absence of or- 


ee 


ganic remains in the, 457. 
_—____—_—__—— description of, along the line of 
the Birmingham and Gloucester railway, 547. 
unconformable stratification in 


the upper and lower divisions, presented in the 
Lickey cutting, 547. 

Newton, notice of the carbonaceous deposits near, 
458. 

—_-— coral limestones, description of the, 463. 

list of fossils found in, 466. 

Nimphi, notice of gold and silver mines at, 77. 

Nordberg, section of the slate quarries of, 290. 

Normandy, notice on the general structure of, rela- 
tive to the connexion of granite, quartz-rock, and 
schists, 564. 

Nummulitic limestone, notice of, in Western Asia 
Minor, 13. 


O. 
Oberscheld, description of the limestones of, 246, 254. 


INDEX. 


Ocker Thal, series of formations north-east of the, 
291. 
Ogwell, notice of the limestone of, 463. 


arenaceous strata of, 463. 

trap rocks of, 471. 

Older red conglomerate, account of a formation of, 
near St. Ubes, 123. 

Olympus, notice of the physical features of the 
chain, 3. 


structure of, 10. 
Oolites, on the siliceous bodies of the, 193. 


193. 

Ophidiolites, Mr. Owen, description of some, from 
the London clay at Sheppey, 209. 

Orchardwell valley, notices of plants in the culm 
strata of, 458. 


Organic remains, see Fossils. 


— proofs of their organic origin, 


remarks on the absence of, in the 
new red sandstone, 457. 

Orthis, remarks on the distribution of species in Pa- 
lazozoic rocks, 318. 


— remarks on species of, and description of 
new species from the Devonian rocks of the Rhe- 
nish provinces, 371. 

—————— from the Silurian 


rocks, 409. 

Orthoceratites, description of new species, and re- 
marks on previously established species from the 
Rhenish provinces, 344. 

326. 
Ossiferous caves and fissures, remarks on the origin 


distribution of, in Paleozoic strata. 


of, and on the animal remains found in, at Kent’s 
Hole, &e., 443. 

Osterode, description of the section from, to Claus- 
thal, 288. 

Oxford clay, description of, on the Yorkshire coast, 
148, 150. 


list of fossils found in, 149 et seg. 
common to other for- 


mations, 14.9. 

Owen, R. Esq., description of remains of Cheropo- 
tamus, Paleotherium, Anoplotherium, and Dicho- 
bunes, from the Isle of Wight, 41. 

observations on the fossils represent- 


INDEX. 


ing the Thylacotherium Prevostii, and on the Phas- 
colotherium Bucklandi, 47, 58. 
Owen, R. Esq., observations on the Basilosaurus of 
Dr. Harlan, 69. 
description of a tooth and part of 
the skeleton of the Glyptodon clavipes, 81. 
—____—___—_——_ some of the soft parts, 
with the integument of the hind fin of the Ichthyo- 


saurus, 199. 

the fossil remains of 
a mammal (Hyracotherium) and of a bird (Li- 
thornis vulturinus) from the London clay, 203. 
some ophidiolites from 
the London clay at Sheppey, 209. 

____—_— the remains of a bird, 
tortoise and lizard from the chalk of Kent, 411. 
on the teeth of species of the genus 
Labyrinthodon, common to the German Keuper 
formation and the lower sandstone of Warwick 


and Leamington, 503. 
description of parts of the skeleton 


and teeth of five species of Labyrinthodon, 515. 


Pp. 


Paffrath, descending section of strata near, 242. 

Palmella, upper beds of red sandstone well exposed 
near, 118. 

Palzophis toliapicus, description of, from the London 
clay of Sheppey, 209. 

Palzotherium, Mr. Owen, description of some fossil 
remains of, from the Isle of Wight, 41. 

—_—_— list of remains of, found by the Rev. 
D. Fox, 44. 

Paleozoic deposits, description and classification of 
the, in the north of Germany and Belgium, and 
on their comparison with formations of the same 
age in the British Isles, 221. 

Paleozoic fossils, MM. d’Archiac and de Verneuil, 
description of, from the Rhenish provinces, &c., 
303. 


introductory remarks, 303. 


recapitulatory table, 308. 


general remarks on the several 
classes, 309:—Incertz Sedes, 309; Infusoria, 
310; Polyparia, 310 ; Foraminifera, 312; Radiata, 
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312; Annelida, 313; Conchif. Dimyaria, 313; 
Conc. Monomy., 315; Brachiopoda, 316; Gaste- 
ropoda, 323 ; Pteropoda, 325; Heteropoda, 325 ; 
Cephalopoda, 326 ; Insecta, 330; Crustacea, 330 ; 
Pisces, 332. 

Paleozoic fossils, recapitulation, 333. 

Parish, Sir Woodbine, notice of remains of the Me- 
gatherium, &c. brought from South America by, 84. 

Patagonia, description of the erratic boulders and 
contemporaneous deposits of, 415. 

elevated marine shells, observed on every 

point of the coast of, visited by Mr. Darwin, 427 
note. 

Pecten, description of a new species from Refrath, 
372. 

Pedernal, notice of fossil bones found on the left 
bank of the, 103. 

Pembray, sectional list of the coal-measures at, 4.96. 

Pembrokeshire, remarks on the structure of a portion 
of, 557. 

Pensher colliery, account of subsidences produced 
by working beds of coal in, 167. 

Pentamerus, remarks on the genus, 369. 


. confined to Silurian strata, 

320. 

Pentland, Mr., notice of his opinion respecting some 
of the remains brought to England by Sir W. 
Parish, 85. 

Peperite, section of beds of, and trachytic conglome- 
rate, &c., seven miles N.E. of Selendi, 11. 

Phascolotherium Bucklandi, Mr. Owen, observations 
on the, 47, 58. 


—$— 


description of the speci- 


—_—__ —____—____——- comparison of, with ‘the 
jaws of Didelphys and other marsupials, 62. 


remarks on the supposed 
harmonie of the jaw, 64. 


dental formula of, 65. 

Pholadomya, description of a species from the Eifel, 
&c., 376. 

Phytosaurus, observations on the genus, 503. 

——- ——_— shown to have been founded on the 
mineral cast of the socket of the tooth, 503. 

Pileopsis, notice of new species from Kemmenau, 
366. 
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Pisces, remarks on the distribution of, in Paleozoic 
rocks, 332. 
list of, from the Devonian system, 380. 


Plants, fossil, list of, found in the upper sandstone of 
the Yorkshire coast, 144, 150. 

notices of, in the culm series of the S.E. 

of Devonshire, 458, 461. 

—__—-—____.._______. of North 


Devon, 461. 

Plastic clay, Mr. Bowerbank on the London clay 
of the Isle of Wight, 169. 

Pleurotomaria, distribution of, in Paleozoic rocks 
323. 

— description of new species from the 


Rhenish provinces, and remarks on previously 
known species, 359. 

Polyparia, observations on the, of the Rhenish pro- 
vinees, 310. 

Porphyries, description of, in Eastern Westphalia, 
240. 

Portland Island, observations on the flints contained 
in the limestone of, 191 note. 

Post-tertiary and tertiary deposits, on the relative 
ages of, in the basin of the Clyde, 153. 

Proconnesus, notice of the marble quarries of, 6. 

Producti, notice on the absence of, in Silurian strata, 
S17. 

of the distribution of, in the Devo- 

nian and carboniferous systems, 317. 


Prusseck, observations on the strata between, and 
Gerolsgriin, 299. 

Pteropoda, Conularia placed in the class, 325. 

Pulser, account of a mass of intrusive trap near, 473. 

Pyritical organic remains, remarks respecting the 
origin of, 193. 

Q. 

Quartz-rock, notice of, associated with micaceous 
schist in Western Asia Minor, 6. 

observations on the connexion of, 


with granite and schists in France, &c., 563. 


description of the, composing the hil] 
of Le Roule, near Cherbourg, 565. 

notice of the form assumed by frag- 
ments of, 565. 


———— 


o——_ 


similar form presented 
by associated schist, 565. 


INDEX. 


Quartzfreier porphyr, account of, in the Hartz, 286. 

Quartzfihrender porphyr, account of, in the Hartz, 
286. 

Quartziferous porphyry, account of, in the Hartz, 
286. 

Quebec, remarks on the boulders interspersed among 
the shelly strata near, 140. 


—— —— transported past, by 
the ice of the St. Lawrence, 140. 


R. 


Radiata, remarks on the distribution of, in Paleo- 
zoic rocks, 312. 

Raised beaches, account of, in Bornholm, 159. 

Raised marine beds, account of, in the south-east of 
Devonshire, 441. 

Raised estuaries, account of, in the south-east of 
Devonshire, 44.0. 

Rammelsberg, list of strata near the, 290. 

Raphiosaurus, description of remains of, from the 
ehalk, 412. 

Ratingen, notices of the carboniferous rocks near, 
229 et seq. 

Ravines, transverse, stated by the Rev. W. B. Clarke 
to be the mechanical effects of elevation, 566. 

Recht, account of the slates of, 275. 

Reculver Towers, section of the strata in the cliffs 
near the, 214. 

Red arenaceous slates of South Devon, description 
of, 468. 

remarks 


on the fossils of, 468. 


list of fos- 


sils found in, 469. 
Red marl, description of, along the line of the Bir- 


mingham and Gloucester railway, 550. 


section of the junction beds of the, and 
lias at Dunhamstead, 550. 

Red psammites, account of, under the Eifel lime- 
stone, 279. 

Red sandstone formation, description of, near Lis- 
bon, 117. 

—_—__—________—_ subdivisions of, 117. 


country occupied by 


north of the Tagus, 117. 


INDEX. 


Red sandstone formation, country occupied by, south 
of the Tagus, 118. 
ee mineralcontents ome 9s 


organic remains found 
in, 120. 

Refrath, section of the Devonian strata of, 243. 

Regrath, change in the carboniferous limestone in 
the valley of, 231. 

Reloncavi Sound, notice of rocks reported to exist 
near, 424. 

Reptiles, fossil, see Chelone, Labyrinthodon, Palzo- 
phis toliapicus, Raphiosaurus. 

Rhenish provinces, Prof. Sedgwick and Mr. Mur- 
chison on the distribution and classification of the 
Palzozoic deposits of the, 221. 


objects of the authors in making 


the survey, 222. 

summary of results arrived at, 
from an examination of the provinces on the right 
bank of the Rhine, 324. 
description of the older forma- 
tions on the right bank, 228. 


carboniferous 
system, 228. 


inferior groups, 
235. 


-—_____—_. —_____.____, _____.. Devonian 
rocks, 235. 


rocks, 252. 


Silurian 


eruptive rocks, 
263. 
remarks on apparent anomalies 
in the structure of the, 259. 
———_——_—_____——_—_allintervening strata 
between the recent tertiary formations and the 
Paleozoic rocks wanting in the mountainous re- 
gions of, 266. 


a — on the left bank of 
the Rhine, 267. 

———______ — carboniferous rocks 
of Belgium, 267. 


rocks composing the 
Eifel, &c., 276. 


older slates of the 
Moselle and Rhine, the formations of the Hunds- 
ruck and Taunus, 280. 
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Rhenish provinces, MM. d’Archiac and de Verneuil 
on the fossils of the older deposits in the, 303. 
——_ —__ —-_ ——_—— general sur- 

vey of the fauna, 303. 


ia description 
of the fossils, 336. 


tabular list 
of the organic remains of the Devonian system in 
the, together with the species of the Silurian and 
carboniferous systems, 377. 


J. de Carle Sowerby, descrip- 
tion of Silurian fossils from the, 408. 

Rhodes, notices respecting the structure of the island 
of. 9. 


of the blue marble on the east 
coast, 9. 


of the scaglia of, 12. 
of the tertiary marine deposits of, 


14: and note. 

Rhyndacus, account of a modern lacustrine deposit 
in the valley of the, 21. 

- greenstone, south side of 


the, 23. 

Richardson, W. Esq., observations on the locality of 
the Hyracotherium, 211. 

Ritri, account of the trachyte of, 26. 

Rosstrappe, section from the Brocken to the, 292. 


comparison of, with sections in West- 
phalia and Nassau, 293. 

Runderoth, notice of eruptive rocks, &c. near, 264. 

Rydon Hill, near Newton, notice of the carbona- 
ceous deposits of, 457. 


Ss. 


Saal, notice of strata along the line of the, 296. 
Saalfield, notice of strata composing a cliff two miles 
above, 296. 


See ——~ between, and Coburg, 297. 

St. Lawrence, list of shells from the Gulf of, 138. 
remarks respecting species common to 

the, and the coasts of Europe, 139. 

on the transport of boulders by 


ice in the, 140. 
St. Sebastian’s Bay, east coast of Tierra del Fuego, 
remarks on the erratic boulders of, 4:19. 


on the configuration of the land, 
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and the probable direction of former marine cur- 
rents near, 419. 
St. Ubes, notices of the strata in the neighbourhood 
of, 112, 118, 121, 123. 
Santa Cruz, notice of the erratic boulders in the 
neighbourhood of the, 415. 
section of the cliffs on the 
banks of, in long. 70° 50!, 416. 
remarks on the physical features of the 
country in the upper part of the, 416. 
difference in the boul- 
ders scattered over the high and lower plains bor- 
dering the, 417. 


— — recent marine origin of 
the deposits composing the banks of the, and ad- 
jacent districts, 417. 

Saltholm, observations respecting the level of, with 
reference to the Baltic, 157. 

Sandemann, M., list of fossils collected by, from the 
Wissenbach black schists, 255 note. 

Sandstone, notices of the micaceous, of Western 
Asia Minor, 10 eé seq. 

Sandstone blocks, equivalents of grey-wethers, notice 
of, in south-east of Devonshire, 448. 

Sardis, account of the lacustrine basin of, 19. 

Saurians, fossil, see Ichthyosaurus, Raphiosaurus. 

Scaglia, notices of, in the island of Rhodes, 13. 

general remarks respecting the, of Western 
Asia Minor, 37. 

Schaalstein, description of, in Nassau, 246. 

—E near the Lahn, 248. 

Schist, remarks on the connexion of, with granite 
and quartz-rock in the Cotentin, &c., 563. 

__ observations on the form of fragments of, 565. 

—__.— similar shape assumed 


by fragments of quartz, 565. 

Scio, notice of the limestone composing the island 
of, 12. 

Schizostoma, descriptions of new species from the 
Rhenish provinces, 364. 

Schwartza, account of the strata in the gorges of the 
296. 

Schwelm, notice of the Devonian limestone near, 236. 

Secondary deposits, description of, in Western Asia 
Minor, 10 et seg. 


general remarks on, 13. 
__.___—— near Lisbon, description of, 115. 


INDEX. 


Secondary deposits, near Lisbon, Hippurite lime- 
stone, 115. 


—_—___—______——_-_ red sandstone, 


117. 
$$ ——_—__—__——_———-. Espichel lime- 
stone, 120. 
——_——_-—-—- slate-clay and 
shale, 122. 
ee Sant PedrotimeE: 
stone, 122. 


— older red con- 
glomerate, 123. 

Sedgwick, Rev. A., and Murchison, R. I. Esq., on 
the distribution and classification of the Palzozoie 
deposits of the north of Germany and Belgium, 221. 

Sedgwick, Prof., extract from his remarks on the 
strata above the chalk in the Isle of Wight, 169 note. 

Selendi, section of the strata seven miles north-east 
Of, 1 

Sellow, M., notice of remains of the Megatherium 
found by, 82. 

Serpent, account of fossil remains of a, from Shep- 
pey, 209. 

Serra de Arrabida, account of the strata composing 
the, 121. 

Sessacher, description of the limestone of, 246. 

Sharkham Point, remarks on the termination of the 
limestone group at, 464. 

Sharpe, D.Esq., on the geology of the neighbourhood 
of Lisbon, 107. 

Shales, account of, under the Eifel limestone, 279. 

Shells, fossil, lists of, from the lacustrine basins of 
Western Asia Minor, 16, 17, 18. 

————-— tertiary strata near 


Lisbon, 113. 

—- found in the Hippurite limestone near 
Lisbon, 116. 
red sandstone near Lis- 


bon, 120. 


in the Espichel limestone, 
121, 


—-— remarks on some recent, and from 


Canada, 135. 
—— notice of the strata in which they were 


found, 135. 
—— catalogue raisonné of, from Beauport, 
near Quebec, 136. 


INDEX. 


Shells, fossil, catalogue raisonné, remarks on, 137. 
comparison 

with existing testacea of the St. Lawrence, 139. 
approach more nearly the 


arctic fauna than that of the St. Lawrence, 141. 
— lists of, from the cornbrash of the 
Yorkshire coast, 145. 


wa — Kelloway’s rock 
of the Yorkshire coast, 146. 

——___—_____——_—_-—— Oxford clay of 
the Yorkshire coast, 149. 

—— systematic list of species from the 

cornbrash, &¢. of the Yorkshire coast, 150. 

catalogue raisonné of, found in the 
tertiary strata of the basin of the Clyde, and not 
known in a living state in the British seas, 155. 

as notices of, found in White Cliff and 
Alum Bays, 170-172. 

— —— list of, from the Silurian strata near 
Abergele, 198. 

— from the lower lias on the line of the 


Birmingham and Gloucester railway, 551. 
— recent, list of, from the Gulf of St. Lawrence, 


138. 


common to the south-west coast 
of England and Mediterranean, 435. 
ae in the raised beach of Hope’s 
Nose, 442. 
Sheppey, description of some ophidiolites from the 
London clay of, 209. 


ornitholites from, 206 
et seq. 

Shoal Harbour, Strait of Magellan, remarks on the 
boulders of, 419. 

Siegen, notice of fossils found in grauwacke near, 
258. 

Sighajik, account of the peninsula between, and 
Teos, 12. 

Silurian rocks, notice of, west of Abergele, 195. 

: list of fossils found-in, 198. 

notice of, in Westphalia, 252. 

description of, near Wissenbach, &c. 
in Nassau, 253. 

in the Eifel district, 279. 

Simaul, notice of the sandstone south of, 11. 

—— — sectional list of strata nine miles south of, 
18. 
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Slate-clay and shale, account of a formation com- 
posed of, near Lisbon, 122. 

— constitutes one of the concen- 

tric bands around Cintra, 122. 


— alternates with igneous rocks, 
122; 

Smith, J. Esq., on the relative ages of the tertiary 
and post-tertiary deposits of the basin of the Clyde, 
153. 

Smyrna, notice of the formations near, 11. 


— references to full description in vol. v. p.393, 
12, 19, 26. 

Solen, remarks on species of, from Lustheide, 376. 

Sopwith, T. Esq., notice of a series of models de- 
signed by, to illustrate geological phenomena, 568. 

South America, remarks on the rapid destruction of 
the interior of trees in, 177. 

Mr. Darwin on the distribution of 
the erratic boulders and contemporaneous unstra- 
tified deposits of, 415. 

South Wales, Mr. Logan on the beds of clay im- 
mediately below the coal-seams of, and on boulders 
of coal in the Pennant grit of that district, 491. 

Sowerby, Mr. G., reference to his remarks on the 
strata above the chalk in the Isle of Wight, 169 
note. 

Sowerby, J. de Carle, description of new species of 
Silurian fossils from the Rhenish provinces, 408. 
Spirifer, remarks on species of, and description of 

new species from the Devonian formations in the 


Rhenish provinces, 369. 
————_——.——— from the Silurian 
strata, 408. 
Spiriferi, distribution of, among Paleozoic rocks, 319. 
Sponge, arguments in support of the opinion that 
chalk flints and cherts from the greensand were 
criginally sponges, 182 et seq. 
measurements of tubuli of, in chalk flints, 


189. 

Stevenston, notice of deposits in the parish of, newer 
than the diluvium, 155. 

Stifft, M., notice of his description of the igneous 
rocks of Nassau, 260-261 note. 

Stigmaria ficoides, extract from Steinhauer’s account 
of, 493. 

fire-clay, description of, in the South 

Wales coal-field, 491 et seq. 


596 


Still, H. Esq., notes to accompany some fossils col- 
lected by, and Mr. Maclauchlan, in Pembroke- 
shire, 557. 

Strickland, H. E. Esq., description of a series of co- 
loured sections of the cuttings on the Birmingham 
and Gloucester railway, 545. 

Strickland, H. E. Esq., and Hamilton, W. J. Esq., on 
the geology of the western part of Asia Minor, 1. 

Strait of Magellan, account of the erratic boulders 
and contemporaneous deposits in the, 417 e¢ seq. 

Strygocephalus, observations on the genus, and on 
species from the Rhenish provinces, 368. 

species of, confined to Devonian 
strata, 320. 

Studd Hill, remarks on the changes exhibited in the 

structure of, by denudation, 212. 


——-~ account of a mammal (Hyracotherium) 
found in, 203. 
Subsidences, account of, produced by working beds 
of coal, 165. 
— circumstances on which their extent 
depends, 165. 


—_——__—_—_—— by short working, 
166. 

by long working, 
166. 

pees instances of, 167. 

account of signs of, 166, 167. 

Submerged forest-ground, notice of, in Tor Bay, 438. 

Sultan Dagh, notice of the structure of, 7. 


Superficial detritus, notice of, near Lisbon, 130. 


contains no far- 
transported materials, 130. 
Surface-accumulations, account of, in the south-east 
of Devonshire, 446. 
Surface-soil, remarks on the origin of the, in the 
south-east of Devonshire, 437. 
Susugherli, trachytic rocks near, account of, 24. 
Syme, description of the island of, 12. 


fit 


Tabular list of the organic remains of the Devonian 
system in Europe, 380 et seq. 

Takmak, account of the trachytic hills east of, 25. 

Taunus, notice of the quartz-rock of the, 264. 

description of the older slates of the, 281. 


INDEX. 


Taushanli lacustrine basin, account of, 16, 


south of the, 23. 
account of trappean rocks near, 24. 
Teign, account of a line of disturbance along the 
estuary and valley of the, 485. 


notice of trappean dykes 


— remarks on the ancient alluvia along the val- 
ley of the, 439. 

Temnus, or Demirji, notice of the physical features 
of the chain, 3. 

Terebratula, remarks on the distribution of, in Pa- 
leozoic rocks, 320. 

description of new species from the 
Rhenish provinces, and remarks on previously 
known species, 366. 

Terrain anthraxifére, account of the, of M. Dumont, 
269. 


— 


— description of the successive 
groups, with reference to their English equiva- 
lents, 271. 


———— systéme 
caleareux supérieur, 271. 
— systéme 
quartzo-schisteux supérieur, 271. 
—_— systéme 
calcareux inférieur, 272. 
Sere 


quartzo-inférieur, 272. 
Tertiary formations, description of, near Lisbon, 108. 
upper tertiary sands, 108. 
————— Amada peus- aloo: 
lower tertiary conglomerate, 113. 
Tertiary strata, notice of, in Canada, 135. 
description of shells found in, 136 


et seq. 


Isle of Wight, Mr. Bowerbank on 
the London and plastic clays, 169. 

ee reasons for consider- 
ing them one deposit, 171, 172. 

— deposits, account of, in the south-east of. 

England, 442. 

lacustrine deposits, description of, in West-. 

ern Asia Minor, 15. 


principal localities of, 
es sy, 

— marine deposits, description of, in Western 
Asia Minor, 14. 


INDEX. 


Tertiary strata, marine deposits, principal localities, 
1, 14. 

—— and post-tertiary deposits, on the relative 
ages of, in the basin of the Clyde, 153. 

Texier, M., notices of his researches in Asia Minor, 
22. 

Thatcher Rock, notice of a raised recent marine de- 
posit on the, 442. 

Thermal springs, account of tufaceous deposits formed 
by, in Western Asia Minor, 20. 

notice of, in the Catacecaumene, 36. 

Thuringerwald, description of the stratified rocks ex- 
tending from the, through Upper Franconia to the 
Fichtelgebirge, 296. 

Thylacotherium Prevostii, Mr. Owen, observations 
on the fossils representing the, with reference to 
the doubts of its mammalian and marsupial na- 


ture, 47. 


remarks on the condi- 


tions of the specimens, 48, 59. 
description of the first 


specimen in Dr. Buckland’s collection, 48. 
———_$ —_-—___—_—__———_—. comparison of, with the 


nivorous marsupials, 50. 

characters of the teeth, 52. 
— — Mr. Owen, characters of 
the double fangs of the teeth shown to be conclu- 
sive against the supposed saurian nature of the, 54. 
— description of the second 


specimen in Dr. Buckland’s collection, 54. 


————Ee condition of the speci- 
men, 54. 
——__—___—_—_-_—_—. description of the teeth, 
55. 
—_______________. dental formula of the, 
56, 57 
ee ee SS | eo: 


parison of, with the dental formula of Opossums, 

Myrmecobius, &c., 56. 

the jaws of the, resemble 

those of the small Opossums more nearly than the 

jaws of other mammifers, 59. 

the number of the teeth 
approaches most nearly that of the Myrmecobius, 
59. 
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Thylacotherium Prevostii, objections to the mam- 
miferous nature of the, answered, 59. 


————— argument founded 
on the Basilosaurus objected to, till the remains of 
that animal be fully examined, 61, 69. 

Tierra del Fuego, account of the erratic boulders 
and contemporaneous deposits in, 417. 


—-—-—-———. on the eastern part 
of, 417. 

—__—_—_—_—_—— to the south-east of, 
in Navarin Island, &e., 4:20. 

remarks on the probable age of the 

boulder formation of, 426. 


glaciers of, and on 
the transportal of the boulders of, by ice, 427. 
Till, remarks on the agreement in character of the 
unstratified deposits of Tierra del Fuego and the 
Strait of Magellan with the, of Scotland, 420. 
Tmolus chain, notice of its range, 4. 


Se GIO, 77 
Tor Bay, notice of submerged forest in, 438. 
Torquay, notices of the limestone of, 463. 


arenaceous strata of, 468. 

Tortoise, description of remains of a, from the chalk 
of Kent, 412. 

Trachytic and newer trap rocks, description of, in 
Western Asia Minor, 23. 

principal localities 


————_—_—_________—___——_ local descriptions 


section of, and associated 
beds, seven miles north-east of Selendi, 11. 

Transverse ravines, stated by the Rev. W. B. Clarke 
to be the mechanical effect of elevation, 566. 

Trap-rocks, description of older, in Western Asia 
Minor, 23. 


lities of, 2. 


principal loca- 


———_—————— local descrip- 


tions of, 23. 
notices of newer, in Western Asia Mi- 


nor, 22. 

—— — principal localities of, 2, 22. 

local descriptions of, 23. 

abundance of iron ores connected with, 
in the Devonian strata of Westphalia, 239. 


44 
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Trap rocks, description of, in South Devon (see 
Igneous rocks), 470. 

Trap, remarks on the effects produced by, relative to 
the protrusion of granite in the Cotentin, &c., 5. 


notice of, exposed in the railway cutting near 
Bleadon, 561. 

Travertine, description of beds of, deposited by 
thermal springs in Asia Minor, 20. 

Trees, fossil, description of, found at Dixon-fold, 
near Manchester, 1'73. 

reasons for supposing they grew where 

found, 176, 177. 

—_——_—— additional observations, 177. 


arguments for supposing they were 
originally solid-wooded trees, drawn from the 
rapid decay of trunks of trees in the Tropics, 
179. 

Trevelyan, W. C. Esq., notice by, of veins of gravel 
traversing granite in Guernsey, 567. 

Trilobites, remarks on the distribution of, in Paleo- 
zoic rocks, 330. 

remarks respecting species of, found in the 

Rhenish provinces, &c., 336. 

Troad, notice of the tertiary massive deposits of 
the, 14. 

Trochus, distribution of species in Paleozoic rocks, 
324. 


remarks on a carboniferous species of, 
found at Paffrath, 359. 

Trogonau, notices of fossils characteristic of the 
mountain limestone from near, 298. 

Tropics, remarks on the rapid decay of the interior 
of solid-wooded trees in the, 177. 

Tubicolz, remarks on the genera of, in Paleozoic 
rocks, 314. 

Tufaceous deposits, notices of, formed by thermal 
springs in Asia Minor, 20. 

Turbo, description of a new species from Limburg, 
358. 


U. 


Under-clay, description of the, of the South Wales 
coal-field, 4.91. 

notice of the occurrence of, in America 
and Nova Scotia, 494, 495 note. 

Unstratified deposits, Mr. Darwin on the, of South 
America, 415. 


INDEX. 


Unstratified deposits, observations on the characters 
and origin of, in Tierra del Fuego and the coasts 
of the Strait of Magellan, 417, 420. 


SS SESS agreement 
of, with the till of Scotland, &c., 420. 
= on the 
causes which may have prevented the existence 
or preservation of marine remains in, 421. 
notice of the probable occur- 
rence of, in the island of Chiloe, 425. 


on one of the 


Chonos islands, 4.26. 

Upper Franconia, description of the stratified rocks 
extending from the Thuringerwald through, to the 
Fichtelgebirge, 296. 

Upper sandstone and shale, description of, on the 
Yorkshire coast, 143. 

——-—— notice of fossils found 


in the, 144, 150. 
Upper tertiary sand, description of, near Lisbon, 
108. 


108. 


range of, north of the Tagus, 


south of the Tagus, 109. 
account of its mineral contents, 


V. 


Valenciennes, M., notices of his description of the 
Thylacotherium, 48 et seq. 

Valley of the Santa Cruz, description of the deposits 
and physical features of the country of the, 416. 


——— description of an estuary- 
like plain in the upper part of the, 417. 


remarks on the recent ma- 
rine origin of the deposits of the, 416. 

Velbert, notice of beds of chert with casts of encri- 
nites resembling Derbyshire screw-stones, near, 
231. 

Volcanic rocks, description of modern, in Western 
Asia Minor, 27. 

— ashes and scoriz, account of hills of, in the 


Catacecaumene, belonging to the second volcanic 
period, 29. 
Voleano, account of the extinct, of Aden, 499. 
Volcanos, account of the extinct craters of the Cata- 
cecaumene, 31. 


INDEX. 


Von Buch, M., notice of his opinion that the Rhenish 
strata are not of very high antiquity, 260 note. 
Von Dechen, Prof., notices respecting the geological 
map of Westphalia, &c. by, 225, 227, 230 noée, 

234, 239 and 241 notes. 


Ww. 

Warstein, description of Devonian strata at, 240. 

Warwick, account of remains of the Labyrinthodon 
from the lower sandstone of, 503, 515. 

Watcombe, account of the recent fault near, 483. 

Water, remarks on the supposed action of running 
water on lava, 34 and note. 

Weald, remarks on the connexion of the physical 
phenomena of the, with those of the Boulonnais 
and other parts of France and England, 566. 

Wear, description of the trap rocks near, 475. 

Webster, Thos. Esq., notice of his section in Alum 
Bay, 171. 

copy of the section, 171. 

Weingarten, description of the phenomena presented 
by a section between Minster-Eifel and Wein- 
garten, 277. 

Weipperfeldt, notice of the Devonian limestone near, 
237. 

Weiss, Prof., notice of his description of remains of 
the Megatherium, &c., 82. 

Western Asia Minor, physical structure of part of, 3. 

classification of the rocks, 4. 


—_ 


description of the sedimentary 


rocks, 5. 


—-. 


—_—___———- igneous rocks, 
Dp 


general conclusions, 37. 


Seemann comparison of the formations of, 
with those in North-Western Europe, 38. 

West Down, notice of intrusive trap near, 471. 

Westphalia, description of the carboniferous rocks 
of, 228. 


ee  ——— coal-measures, 228. 


a lower portion 
of, resembles the culm series of Devon, 229. 
— carboniferous lime- 


stone with the associated Kiesel-schiefer and bitu- 
minous limestone, 229. 
changes in the cha- 


en 


racters of the limestone in its range eastward from 
Ratingen, 231. 
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Westphalia, description of the lithological charac- 
ters of, 233. 
groups below the 
carboniferous system, 235. 


— Devonian 
rocks, 235. 
near Mett- 
mann, Elberfeldt, &c., 235. 
near Mes- 
chede and Brilon, 238. 
near Bens- 


berg, 241. 
—— Silurian rocks of, 


952. 

Wetzlar, section of Devonian strata on the left bank 
of the Lahn, near, 250. 

White Cliff Bay, account of the strata above the 
chalk in, 170. 

Whitstable, observations on the coast near, 213 note. 

Williams, Rev. D., notice of a mass of trap exposed 
in the railway cutting at the western extremity of 
Bleadon Hill, 561. 

Williamson, W. C. Esq., on the distribution of or- 
ganic remains in the strata of the Yorkshire coast 
from the upper sandstone to the Oxford clay in- 
clusive, 143. ; 

Wissenbach, black schists of, described, 24.5, 253. 

——_____——_——- lists of fossils from, 

255 note. 


equivalent of the shale 
under the Eifel limestone, 256. 

Wrangell, M., extract from his account of the action 
of drifting ice off the coast of Siberia, 421. 


Ne 


Yalberton, notice of the limestone of, 469. 

Yealm Bridge, section of cleavage in curved strata 
near, 481. 

Yorkshire coast, distribution of fossils in the upper 
sandstone, Kelloway rock, and Oxford clay on 
the, 143. 


Z. 


Zeuglodon, Harlan, R., M.D., on the discovery of 
the remains of the Basilosaurus or Zeuglodon, 67. 
reasons why the re- 


mains were assigned to an extinct Saurian, 67. 
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Zeulogdon, notice of the circumstances which led to Zeuglodon cetoides, Mr. Owen, their cetacean cha- 


their discovery, 75 note. racter pointed out, 76, 77. 
cetoides, Mr. Owen, observations on the, —_—_————_—— characteristic differ- 
or Basilosaurus of Dr. Harlan, 69. ences from saurian vertebre, 76. 
notice of the por- _——————-——-———————— fragments of ribs, 
tions examined, 69. agreement of, with the ribs of an aquatic mam- 
on the form, im- mal, 77. 
plantation, &c. of the teeth, 69. hollow structure of 
comparison of their the lower jaw no proof of saurian nature, 77. 
characters with those of the teeth of Cetacea, 72. —  — ————-———_——————-— notice of a humerus 
of Sau- of, 78. 
rians, 72. ——_—_—_—___—_—_——— observations on sup- 
——__———. description of the posed fragments of a tibia, 78. 
microscopic internal structure of a section of a recapitulation of evi- 
tooth, 74. dence, 78. 


description of the 
vertebrx, 76. 
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John Taylor, Esq.,Treas.; 
G.S. 


The Royal Society. 


The Author. 


James Smith, Esq.,F.G.S. 


Iast of Donations. 


1841. BOOKS. 

Jan. 6. A System of Crystallography, with its Application to Mineralogy, 
by John Joseph Griffin. 8vo. Glasgow, 1841. 

Jan. 7. Rules and Regulations for the Government of the Athenzeum, with 
List of Members, 1840-41. 12mo. 

Jan. 12. On the Supply of Water from Artesian Wells in the London Ba- 
sin, with an Account of the Sinking of the Well at the Reservoir of 
the New River Company in the Hampstead Road, by R. W. Mylne. 
4to. From the Transactions of the Institution of Civil Engineers, 
vol. 3. 

Jan. 16. Journal of the Royal Agricultural Society of England, vol. 2, 
part 1. 8vo. London. 

Jan. 22. List of the Royal Society for 1841. 4to. London. 

Jan. 25. Transactions of the Royal Irish Academy, vol. 19, part 1. 4to. 
Dublin, 1841. y 

Proceedings of the Royal Irish Academy, nos. 24 and 25. 8vo. 1840. 

Jan. 28. Eleventh Report of the Scarborough Philosophical Society, with 
an Abstract of the Meteorological Table for the year 1840. 8vo. 

Feb. 3. Neue Gattungen Fossiler Krebse aus Gebilden vom Bunten Sand- 
stein bis in die Kreide gezeichnet und beschrieben, von Hermann von 
Meyer. 4to. Stuttgart, 1840. 

Feb. 4. Seventh Annual Report of the Royal Cornwall Polytechnic Society, 
1839. 8vo. Falmouth. 

Three Lectures on Agriculture, delivered at Oxford by Charles Daubeny, 
M.D. 8vo. Oxford, 1841. 

La Turquie d'Europe, ou observations sur la Géographie, la Géologie, 
VHistoire Naturelle, &c., de cet empire, par Ami Boué, 4 vols. 8vo. 
Paris, 1840. 

Feb. 5. The Soils of East Suffolk, considered Geologically, by Captain H. 
Alexander, (2 copies). 8vo. Woodbridge. 

Feb. 11. On the Study of Natural History as a branch of General Educa- 
tion in Schools and Colleges, by Robert Patterson, Esq. 8vo. Belfast, 
1840. 

Feb. 15. Proceedings of the Royal Irish Academy, no. 26. 8vo. Dublin. 
Mr. Henry G. Bohn’s Catalogue of Books, 1841. 8vo. London, 1841. 
Proceedings of a Meeting of Mill-Owners and others at Uxbridge, rela- 

tive to the protection of their rights and property in the water of that 
river. 8vo. London, 1841. 

Feb. 23. Bulletin de la Société Géologique de France, tome 11, feuilles 
93-29. 8vo. Paris. 

Paléontologie Frangaise, par Alcide d’Orbigny, 11¢ et 12° livraisons. 
8vo. Paris. ’ 

Mar. 2. The Zoology of the Voyage of H.M. Ship Beagle, under the com- 
mand of Captain Fitzroy, R.N., during the years 1832 to 1836, edited 
and superintended by Charles Darwin, Esq., M.A. Birds, by John 
Gould, Esq., no. 5 of part 3. 4to. London, 1841. 

Mar. 8. Paléontologie Francaise, par Alcide d’Orbigny, 13° et 14° livrai- 
sons. 8vo. Paris. 


DONORS. 
The Author. 


The Athenzeum Club. 


The Author. 

Royal Agricultural So- 
ciety. 

The Royal Society. 


Royal Irish Academy. 


The Scarborough Philo- 
sophical Society. 


The Author. 
Royal Cornwall Poly- 
technic Society. 


The Author. 
The Author. 


William Long, 
F.G.S. 


Esq., 


Natural History Society 
of Belfast. 

Royal Irish Academy. 

Mr. H. G. Bohn. 


John Dickinson, Esq., 
F.G.S. 

The Geological Society 
of France. 

The Author. 

Charles Darwin, Esq., 


F.G.S. 


The Author. 


List of Donations. 


1841. BOOKS. 

Mar. 8. Mémoires de la Société Géologique de France, tome quatriéme, 
premiére partie. 4to. Paris, 1841. 

Mar. 13. Bulletin de la Société Géologique de France, tome 12, feuilles 
1-5. 8vo. Paris. 

Mar. 16. The American Journal of Science and Arts, conducted by Ben- 
jamin Silliman, M.D., LL.D., vol. 40, no. 1, January 1841. 8vo. New 
Haven. 

Mar. 23. Excursion a la Montagne de St. Pierre, prés de Maestricht, par 
M. le Baron d’Hombres. 8vo. 1840. 

Mar. 24. Annuaire du Journal des Mines de Russie, années 1835-38, avec 
I'Introduction et Tableaux Statistiques, 5 vols. 8vo. St. Petersburgh, 
1840. 

Mar. 27. Transactions of the Society of Arts, Manufactures and Commerce, 


vol. 53, part 1, with Premiums for the Sessions 1840-41, 1841-42. 


8vo. ‘ 
Mar. 29. Boston Journal of Natural History, vol. 3, no. 3. 8vo. Boston, 
1840. 


Mar. 31. Transactions of the Royal Society of Edinburgh, vol. 14, part 2. 
4to. Edinburgh, 1841. 

Proceedings of the Royal Society of Edinburgh, nos. 6, 7, 11, 12, 17 and 
18. 8yo. 

April 5. Paléontologie Frangaise, par Alcide d’Orbigny, 15° et, 16° 
livraisons. 8vo. Paris. 

April 6. Etudes Géologiques dans les Alpes, par M. L. A. Necker, tome 
premier. 8vo. Paris, 1841. 

Mémoires présentés par divers Savants a l’Académie Royale des Sciences 
de l'Institut de France, tome 5. 4to. Paris, 1838. 

Comptes Rendus Hebdomadaires des Séances de I’ Académie des Sciences, 
deuxiéme semestre, 1840, nos. 20-26, et premiére semestre, 1841, nos. 
1 to 10. 4to. Paris, 1840-41. 

Mémoires de l’Académie Royale des Sciences de !’Institut de France, 
tomes 14, 15, 16 and 17. 4to. Paris, 1838-40. 

April 8. Report of the Tenth Meeting of the British Association for the 
Advancement of Science, held at Glasgow in August 1840. 8vo. Lon- 
don, 1841. 

April 13. Constitution and By-Laws of the National Institution for the 
Promotion of Science, established at Washington, May 1840. 8vo. 
Washington, 1840. 

Discourse on the Objects and Importance of the National Institution for 
the Promotion of Science, established at Washington 1840, by Joel 
R. Poinsett. 8vo. Washington, 1840. 

Exposition of Transactions in Central Asia, through which the Barriers 
to the British Possessions in India have been sacrificed to Russia by 
Viscount Palmerston, by D. Urquhart, Esq. 4to. London, 1841. 

Tabular View of the Relations of Great Britain and Russia, by D. 
Urquhart, Esq. 

Case of Mr. McLeod, in whose person the Crown of Great Britain is 


DONORS. 
The Geological Society 
of France. 


ee re 


The Conductor. 
The Author. 
Lieut.-General Alexan- 


der Sablonkoff. 


The Society of Arts. 

Boston Society of Na- 
tural History. 

The Royal Society of 
Edinburgh. 


The Author. 
The Author. 


The Academy of Sci- 
ences of Paris. 


ce 


Ce et ee 


The British Association. 


The National Institution 
at Washington. 
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ed 


List of Donations. 


1841. BOOKS. 
arraigned for Felony, second edition, by David Urquhart, Esq. 8vo. 
London, 1841. 

April 13. Address delivered at the Tenth Annual Meeting of the Geologi- 
cal Society of Dublin, on the 10th of February 1841, by James Ap- 
john, M.D. 8vo. Dublin, 1841. 

April 19. Oral Traditions of the Cinque Ports and their Localities, com- 
pared with Antiquarian Researches, Natural Causes, and their Effects, 
by Captain K. B. Martin. 8vo. London, 1832. 

On the necessity for Harbours of Refuge, and their proved: Utility in 
that part of the British Channel called “The Narrows,” by Captain 
K. B. Martin, 6 copies. 8vo. London, 1839. 

Notice sur les Fossiles et les Pétrifications du Gouvernement de Moscou, 
par G. Fischer de Waldheim, premiére livraison, 3 copies, 8vo. 

Geognostische Beitrage zur Kenntniss der Gebirgs-Formationen des West- 

lichen Ural’s, insbesondere von den Umgebungen des Flusses Didma 
bis zu den Ufern des Westlichen Ik’s, im Orenburgischen Gouverne- 
ment, von Major F. Wangenheim von Qualen. 8vo. 

Nachtrag zu Hrn. Major von Qualen’s Geognostischen Beitragen zur 
Kenntniss des Westlichen Urals, von G. Fischer de Waldheim, 2 co- 
pies. 8vo. 

April 21. List of Fossil Fishes in the Collections of the Earl of Enniskillen 
and Sir Philip Grey Egerton, Bart. 4to. 

Extracts from a Dispatch from Her Majesty's Lord High Commissioner 
at Corfu, dated Zante, 6th of November 1840, stating the Injury sus- 
tained in that Island by an Earthquake which occurred on the 30th 
day of October. folio. 

Report on the Colony of New South Wales, printed by Order of the 
House of Commons, 9th of March 1841. folio. 

April 22. The Journal of the Royal Geographical Society of London, vol. 
10, part 3, 1841. 8vo. London, 1841. 

April 26. Essay on the Productive Resources of India, by J. F. Royle, 
M.D., F.R.S., &c. 8vo. London, 1840. 

April 27. Physical, Chemical and Geological Researches on the Internal 
Heat of the Globe, by Gustave Bischof, Ph. D., vol. 1. 8vo. London, 
1841. 

April 29. Observations on Railway Monopolies and Remedial Measures, 
by Alexander Gordon. 8vo. London, 1841. 

May 4. An Article on “The Silurian System,” from the Edinburgh Re- 
view, April 1841. 8vo. 

May 6. Further Information connected with the Mineral Property belong- 
ing to the Corporation of Glasgow. 8vo. Glasgow, 1839. 

May 10. Description of the Geology of the State of New Jersey, being a 
Final Report, by H.D. Rogers, State Geologist. 8vo. Philadelphia, 1840. 

May 11. Paléontologie Francaise, par Alcide d’Orbigny, 17¢ et 18° 
livraisons. 8vo. Paris. 

May 12. Transactions of the American Philosophical Society, new series, 
vol. 7, part 2. 4to, Philadelphia. 


VOL. VI.—SECOND SERIES. b 


DONORS. 


The Author. 


The Author. 


The Author. 


The Author. 
G. Fischer de Waldheim, 
For. Mem. G.S. 


Sir P. G. Egerton, Bart., 
M.P., F.G.S. 


a 


Lord John Russell, Se- 
cretary of State. 

Royal Geographical So- 
ciety. 


The Author. 


The Author. 

The Author. 

Dr. Fitton, V.P.G.S. 
John Craig, Esq. 
The Author. 

The Author. 


American Philosophical 
Society. 


10 List of Donations. 


1841. BOOKS. 

May 12. Proceedings of the American Philosophical Society, vol. 1, no. 14, 
and vol. 2, nos. 15 and 16. 8vo. Philadelphia. 

May 13. Report of the Committee of the Atheneum Club, 10th of May, 
1841. folio. 

May 18. Abhandlungen der Mathematisch-Physikalischen Klasse der Konig- 
lich Bayerischen Akademie der Wissenschaften (Minchen), Dritter 
Band. 4to. Miinchen, 1840. 

Azais.—Explication des Puits Artésiens. 8vo. Paris, 1841. 

May 22. Griffin’s Scientific Misce!lany :—No. 6, The Geology of the Island 
of Arran, from Original Surveys, by A.C. Ramsey. No. 7, A Popular 
Treatise on the Art of Photography, including Daguerréotype, &c., by 
Robert Hunt. 8vo. Glasgow, 1841. 

Annuaire du Journal des Mines de Russie. Années 1835, 1836, 1837 and 
1838, avec l’Introduction et Tableaux Statistiques, 5 vols. 8vo. St. 
Petersburgh, 1840. 

May 24. On the Composition of Chalk Rocks and Chalk Marl by Invisible 
Organic Bodies, from the Observations of Dr. Ehrenberg, by Thomas 
Weaver, Esq., F.R.S., &c. 8vo. London, 1840. 

May 26. Bulletin de la Société Géologique de France, tome 12, feuilles 
6-11. 8vo. Paris. 

Tableaux Indicatif des Dons faits 4 la Société Géologique de France, 
depuis le 17 Juin 1839, jusqu’au 15 Juin 1840. 8vo. Paris, 1840. 
May 27. The American Journal of Science and Arts, conducted by Ben- 

jamin Silliman, M.D., LL.D., vol. 40, no. 2, April 1841. 8vo. New 
Haven. 

Mémoires de la Société de Physique et d’Histoire Naturelle de Genéve, 
tome 9, 1 partie. 4to. Genéve, 1841. 

June 1. Transactions of the Royal Society of Edinburgh, vol. 15, part 1. 
4to. Edinburgh. 

June 5. Paléontologie Francaise, par Alcide d’Orbigny, 19° et 20° livrai- 
sons. 8vo. Paris. 

June 10. List of the Literary Fund Society for 1841. 

June 16. Madras Journal of Literature and Science, no. 27, April—June 
1840. 8vo. Madras. 

June 18. Proceedings of the Geological and Polytechnic Society of the 
West Riding of Yorkshire, at the Quarterly Meeting held at Wakefield, 
on the 5th of October 1840. 8vo. 


June 22. Practical Treatise on the Analysis of Minerals, by Frederick Ac- 
cum. 12mo. London, 1804. 

Versuch einer historischen und physischen Beschreibung der Helvetischen 
Eisbergen, von Joh. Georg. Altmann. 8ve. Zurich, 1751. 

Viaggio da Milano ai Tre Laghi Maggiore, di Lugano e di Como e ne’ 
Monti che li circondano, di Carlo Amoretti. Terza Edizione. 8vo. Mi- 
lano, 1806. 

Briefe aus der Schweiz nach Hannover geschrieben in dem Jahre 1763, 
von Andrea. Zweiter Abdruck, 4to. Zurich u. Winterthur, 1776. 


DONORS. 
American Philosophical 
Society. 


The Athenzum Club. 


The Munich Academy. 
Earl of Lovelace. 


Mr. Richard Griffin. 


General Tcheffkine. 


The Author. 
The Geological Society 
of France. 


Ce ed 


The Conductor. 

The Natural History So- 
ciety of Geneva. 

The Royal Society of 
Edinburgh. 


The Author. 
The Lit’. Fund Society. 


Madras Literary Society. 

The Geological and Po- 
lytechnic Society of 
the West Riding of 
Yorkshire. 

G. B. Greenough, Esq., 
F.G.S. 
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List of Donations. 11 


1841. BOOKS. DONORS. 
June 22. An Introduction to Geology, illustrative of the General Structure G. B. Greenough, Esq., 
of the Earth, &c., by Robert Bakewell. 8vo. London, 1813. EGS. 


Taschenbuch fiir topographische und mineralogische Excursionen in die 

umliegende Gegend von Jena, entworfen von A. J. G. C. Batsch, 

2 vols. 1 9mo-uWVeimary | SOO—1802. i yf weed WOM teeny Ge =. 2 ie te be Ok ee pe 
On the Art of Metals: translated from the Spanish by the Earl of Sand- 

wich, 1669, forming part of a collection of scarce and valuable Trea- 

tises upon Metals, Mines and Minerals, by Albaro Alonso Barba. 12mo. 

Ondo LISS eh Veet Te UL CONC 29. CaO He PT UID i ataal WT HRY Te Sita bey 2k ere ee ane 
Manuel du Minéralogiste, ou Sciagraphie du Régne Minéral distribuée 

daprés l’analyse chémique; par Torbern Bergman, mise au jour par 

M. Ferber, et traduite et augmentée de Notes par M. Mongez; nou- 

velle édition, considérablement augmentée, par J. C. Delametheire, 

AV OS SVOst LALiss Meio eal) peel Ue MNT GUTS) NE eemeae NLC NUP ees NOE WB hie) ote toes oie abl arate ote aleters 
Nouveaux Principes de Géologie comparés et opposés a ceux des Philo- 

sophes anciens et modernes, notamment de J. C. Lamétherie, qui les a 

tous analysés dans sa Théorie de la Terre, par P. Bertrand. 8vo. Paris, 


Oem R RO Ws ALL Ohh Mehr atinn COL SOsHSIreR Ute Diary dirniih relrta eg Pele eialtelcleleisieis 
Mémoires Historiques et Physiques sur les Tremblemens de Terre, par 
eoerrand..L2mo, a alesse yore io yay GM ee A patted ae wiicce ole 8 


Gemmarum et Lapidum Historia, quam olim edidit A. Boetius de Boot, 

postea Adrianus Tollius recensuit. Tertia Editio longe purgatissima, 

cui accedunt Joannis de Laet, Antwerpiani, de Gemmis et Lapidibus 

Libri IT: et Theophrasti liber de Lapidibus, Greece et Latine cum bre- 

vibus notis. 12mo. Lugduni Batavorum, 1647.0 hee ween wees he eco 
Catalogue raisonné du Musée d’Histoire Naturelle de l’Académie de 

Turin, Partie Minéralogique selon le systéme de M. A. Brongniart, par 

Etienne Borson, TomesPremiére.*Svo. Turin, 1821.1°) 0) i i Se ee te oe af aeiets 
Spiegazione di aleuni vocaboli Geologici, Litologici, Mineralogici per 

Ordine d’ Alfabeto, del Dottor Luigi Bossi. 12mo. Milano, 1817. Bois bhi Mer tekeahs:s nouire 
An Essay about the Origine and Virtues of Gems, by Robert Boyle. 12mo. 

BORG DhOic. 15) SM aA pe MIATA Sarre Lot SDM ar G2 cent aan 
Histoire des Coquilles terrestres et fluviatiles qui vivent aux environs de 

Paris, par -P.,Brard.\12mo.j Paris etjGenéve; 1815.1) 8 ee ea eicle ne Mbt = Sater 
A treatise on the Deluge, &c., by A. Catcott. 8vo. London, 1761. «ws ne ee cece cee ese eens 
Mineralogische Abhandlungen ; von Friedrich August Cartheuser. 12mo. 

Giessen, 1771. a Ps Agee cans Oe 
A vindication of the Histories of the Old and New Testament, in answer 

to the Objections of the late Lord Bolingbroke, by Robert Clayton. 4th 

Edition, 12mo. Dublin, 1754. Part II. Wherein the Mosaical History 

of the Creation and Deluge is philosophically explained ; the errors 

in the present theory of the Tides detected and rectified, together with 


some remarks on the Plurality of Worlds. 12mo. Wy G42 215 oR RANA o'6:0 v0 
Physische Briefe, von Joseph Anton Cramer. 12mo. Hannover, 1793. RPA ie eS Ile Deje ioe ere 
Index Fossilium que collegit, et in Classes ac Ordines disposuit, &c., Ig- 

natius a Born. 8vo. Prage, 1772. Felt alietetebstelo:afel.n' ole otereiate 
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List of Donations. 


1841. BOOKS. 


June 22. Ueber die Bergwerke der Alten, von Carl Chassot de Florencourt. 


12mo. Gottingen, 1785. 

Recherches sur la Houille d’Engrais et les Houilléres, sur les Marais 
et leur Tourbe, et sur l’exploitation de l’une et de l'autre de ces sub- 
stances, par de Laillevault. 2 vols. 12mo. Hague, 1783. 

Déscription de Plusieurs Nouvelles Espéces d’Orthocératites et d’Ostra- 
cites, par Picot de Lapeirouse. Folio. Erlang, 1781. 

Traités sur |’Histoire Naturelle et la Minéralogie, par — De Launay. 
12mo. London, 1780. 

Essai sur l Histoire Naturelledes Roches, précédé d’un exposé systématique 
des Terres et des Pierres, par — De Launay. 12mo. Brussells, 1786. 

Giornale e Notizie de’ Tremuoti accaduti I’ anno 1783 nella provincia di 
Catanzaro, di Andrea de Leone, Parte prima. 8vo. Napoli, 1783. 

Mémoire Historique et Physique sur les Chutes des Pierres, tombées sur 
la Surface de la Terre a diverses époques, par P. M. S. Bigot De Mo- 
rogues. 8vo. Orleans, 1812. 

Essai d’un Systéme des Transitions de la Nature dans le Régne Minéral, 
par G. De Razoumowsky. 12mo. Lausanne, 1785. 

A Dissertation on the Antiquity of the Earth, by the Rev. James Douglas. 
4to. London, 1785. 

Elements of Fossilogy, or an Arrangement of Fossils into Classes, Orders, 
Genera, and Species, with their Characters, by George Edwards. 8vo. 
London, 1776. 

Travels through Italy in the years 1771 and 1772, described in a series 
of Letters to Baron Born, on the Natural History, particularly the 
Mountains and Voleanoes of that Country, by John James Ferber. 
Translated from the German by R. E. Raspe. 8vo. London, 1776. 

Untersuchung der Hypothese von der Verwandlung der mineralischen 
Korper in einander; mit einigen Anmerkungen vermehrt und heraus- 
gegeben von der Gesellschaft der Naturforschender Freunde zu Berlin, 
von John James Ferber. 12mo. Berlin, 1788. 

Storia Generale dell’ Etna dall’ Ab. Francesco Ferrara. 8vo. Catania, 
1793. 

Einige Anmerkungen zur physischen Erdbeschreibung von Kurland, 
entworfen von J. J. Ferber. 8vo. Riga, 1784. 

Zusiitze zu seinem Versuch einer Naturgeschichte von Liefland, von J. B. 
Fischer. 8vo. Riga, 1784. 

Travels in England, Scotland, and the Hebrides, by B. Faujais de Saint 
Fond. Translated from the French. 2 vols. 8vo. London, 1799. 

Essai de Géologie, ou Mémoire pour servir a l’Histoire Naturelle du 
Globe, par B. Faujas de Saint Fond. 3 vols. 8vo. Paris, 1809. 

Dell’ Antracite o Carbone di Cava detto volgarmente Carbon Fossile 
compilazione fatta per Ordine del Governo, par — Fontana. 8vo. 

. Firenze, 1790. 

De omni rerum fossilium genere, gemmis, lapidibus, metallis et hujusmodi, 
libri aliquot, plerique nune primum editi, Opera Conradi Gesneri ; 
Quorum Catalogum sequens folium continet. 12mo. Tiguri, 1565. 


Donors. 
G. B. Greenough, Esq., 
F.G.S. 
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List of Donations. 


1841. BOOKS. 

June 22. Les Anciens Minéralogistes du Royaume de France avec des 
Notes, par — Gobet. 2 vols. 8vo. Paris, 1779. 

Handbuch der Mineralogie, von Joh. Friedr. Ludw. Hausmann. 3 vols. 
12mo. Gottingen, 1813. 

Observations on the Tin trade of the Ancients in Cornwall, and on the 


Ictis of Diodorus Siculus, by SirChristopher Hawkins.8vo. London,1811. 


View of the Mineralogy, Agriculture, Manufactures and Fisheries of the 
Island of Arran, by the Rev. George Headrick. 8vo. Edinburgh, 1807. 

Geologische Beschreibung des Thuringer Waldgebirgs, von — Heim. 
6 vols. 8vo. Meiningen, 1796. 

Some account of Mines, and the Advantages of them to this Kingdom, 
with an Appendix relating to the Mine-Adventure in Wales, by 
Thomas Heton. 8vo. London, 1707. 

Rara Avis in Terris, or the Compleat Miner, by Thomas Houghton. 2nd 
edition, 12mo. London, 1738. 

Neves Bergmannisches Journal, herausgegeben von C. Hoffmann, 4ter 

Band, 3ter u. 4ter Sttick. 12mo. Freyberg, 1815. 

A descriptive Catalogue of the Minerals and Fossil Organic remains of 
Scarborough and the vicinity, by — Kendal. 8vo. Scarborough, 1816. 

Traités de Physique, d'Histoire Naturelle, &c., par Jean Gotlob. Leh- 
mann. Ouvrages traduits de l’ Allemand. 3 vols. 12mo. Paris, 1759. 

Versuch einer Geschichte von Flotz-Gebirgen, von J.G. Lehmann. 12mo. 
Berlin, 1756. 

Cadmiologia oder Geschichte des Farben-Kobolds nach seinen Nahmen, 
Arten, Lagerstiidten, &c., von J.G. Lehmann. 4to. Erster Theil, 1761. 
Zweyter Theil, 1766. Konigsberg. 

Entwurf einer Mineralogie zum Dienst der Studierenden, von J. G. 
Lehmann. Dritte Auflage. 12mo. Frankfurt u. Leipzig, 1769. 

Physikalisch-chemische Schriften als eine Fortsetzung der Probier- 
Kunst, von J. G. Lehmann. 12mo. Berlin, 1761. 

Probier-Kunst, Zweyte Auflage, von J. G. Lehmann. Berlin, 1775. 

Abhandlung von den Metall-Miittern und der Erzeugung der Metalle, 
&e., von J. G. Lehmann. 12mo. Berlin, 1753. 

Handbuch einer allgemeinen topographischen Mineralogie, von Carl 
Cesar Leonhard. 3 vols. 8vo. Frankfurt am Main, 1805-1809. 

The Mirror of Stones, &c., by Camillus Leonardus. Translated into 
English. 12mo. London, 1750. 

Reise durch Sachsen in Riicksicht der Naturgeschichte und Okonomie, 
unternommen und beschrieben von Nathanael Gotfried Leske. 4to. 
Leipzig, 1785. 

Versuch einer Anleitung zur Geologischen Kenntniss der Mineralien, 
von H. F. Link. 12mo. Gottingen, 1790. 

Code des Mines, ou Recueil des Lois et Réglemens tant anciens que mo- 
dernes, &c., par le Comte Regnaud de Saint-Jean d’Angely ; précédé 
d'une instruction sur la Recherche, &c., des Mines, par C. L. Mathieu. 
12mo.: Paris, 1810. 


13 


Donors. 
G. B. Greenough, Esq., 
F.G.S. 
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i4 List of Donations. 


1841. BOOKS. 

June 22. Exposition des Mines, ou Déscription de la Nature et de la Qualité 
des Mines, &c., par — Monnet. 12mo. London, 1772. 

Nouveau systéme de Minéralogie, par — Monnet. 12mo. Bouillon, 1779. 

Sammlung einiger Schriften tiber vulkanische Gegenstande u. den Basalt 
aus dem Franzdsischen und Dinischen, herausgegeben von Karl Wil- 
heim Nose. 12mo. Frankfurt am Main, 1795. 

Beytriige zu den Vorstellungsarten tiber vulkanische Gegenstinde, von 
K. W. Nose. 12mo. Frankfurt am Main, 1792. 

(Euvres de Bernard Palissy, Revues sur les exemplaires de la Bibliothéque 
du Roi avee des Notes, par MM. Faujas de Saint Fond et Gobet. 4to. 
Paris, 1777. 

A discovery of all sorts of Mines, from Gold to Coal, by G. Plattes. 
12mo. London, 1738. 

Lithogéognosie, ou examen chymique des Pierres et des Terres en général, 
et du Tale, de la Topaze et de la Stéatite en particulier, par J. Pott. 
2 vols. 12mo. Paris, 1753. 

Bemerkungen und Beobachtungen tiber das Vorkommen des Granits be- 
sonders in der Oberlausitz, &c., wie auch ber den Sienit der Gegend 
um Meissen, von Christian Gottlieb Potzsch. 8vo. Dresden, 1803. 

Minéralogie a l’usage des Gens du Monde, contenant les caractéres qui 
servent a reconnaitre les minéraux, &c., par J. B. Pujoulx. 8vo. Paris, 
1813. 

Specimen Historiz Naturalis Globi Terraquei, preecipue de Novis e mari 
natis Insulis, &c., Rudolpho Erico Raspe. 8vo. Amstelodami et Lipsie, 
1763. 

Anleitung zur Geognosie inbesondere zur Gebirgskunde, bearbeitet von 
Franz Reichetzer. 8vo. Wien, 1812. 

Mineralogische und bergmannische Beobachtungen tiber einige Hessische 
Gebirgsgegenden, von Johann Philipp Riess. 8vo. Berlin, 1791. 

Beschreibung merkwirdiger Berge, Felsen u. Vulkane, von Christian 
Wilhelm Ritter. 8vo. Posen u. Leipzig, 1806. 

Historisch-mineralogische Beschreibung der Gegend um Jena, nebst eini- 
gen Hypothesen durch was vor Veranderungen unsers Erdbodens diese 
Gegend ihre gegenwirtige Gestalt bekommen haben méchte, von 
Fried. Christian Schmidt. 12mo. Gotha, 1779. 

Oryctographia Jenensis sive Fossilium et Mineralium in Agro Jenensi bre- 
vissima descriptio, &¢., Jo. Henrico Schiitteus, editio altera renovata. 
12mo. Jene, 1761. 

Ausflige nach dem Schneeberge in Unterdésterreich, von J. A. Schultes. 
2 vols. 12mo. Wien, 1807. 

Reise auf den Glockner, von J. A. Schultes. 4 vols. 8vo. Wien, 1804. 

Topographische Mineralogie der Gegend um Halle in Sachsen, &c., von 
C. C. Schmieder. 12mo. Halle, 1797. 

Saggio Orittografico ou vero osservazioni sopra le Terre Nautilitiche ed 
Ammonitiche della Toscana, dal Padre d’Ambrogio Soldani. 4to. Siena, 
1780. 


Donors. 


G. B. Greenough, Esq., 


F.G.S. 
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List of Donations. 


1841. BOOKS. 

June 22. Méthode Analytique des Fossiles fondée sur leurs caractéres ex- 
térieurs, par H. Struve. 8vo. Paris, 1799. 

Neue Einrichtung der K. K. Naturalien Sammlung zu Wien, herausgege- 
ben von Andreas Stutz. 8vo. Wien, 1793. 

Miscellanea Observata circa Res Naturales, et praesertim circa Mineralia, 
Ignem et Montium Strata, Eman. Swedenborg, pars prima. 12mo. 
Lipsie, 1722. 

Lettera sul Monte Volture, dell’ Abate, Domenico Tata. 8vo. Napoli, 1778. 

Relazioni d’ Alcuni Viaggi fatti in Diverse Parti della Toscana, dal Dot- 
tor, Gio. Targioni Tozzetti, Edizione Seconda, 12 vols. 8vo. Firenze, 
1768. 

Mineralogische berg-u. huttenmdnnische Beobachtungen uber die Gebirge, 
Grubenbaue u. Hiittenwerke der Hessen-Cassellschen Landschaft an 
der Edder, von Joh. C. Ullmann. 8vo. Marburg, 1803. 

Versuch einer Geschichte der Steinkohlen, der Braunkohlen und des 
Torfes, von Joh. Carl Wilhelm Voigt. 8vo. Weimar, 1802-1805. 

Mineralogische u. bergmannische Abhandlungen, herausgegeben von Joh. 
C. W. Voigt, Zweyter Theil. 12mo. Leipzig, 1789. 

Kleine Mineralogische Schriften, von Joh. C. W. Voigt, Erster Theil. 
12mo. Weimar, 1799. 

Drey Briefe uber die Gebirgs-Lehre fiir Anfanger und Unkundige, von 
Joh. C. W. Voigt. 12mo. Weimar, 1786. 

Die Vulkane alterer und neuerer Zeiten, von Franz von Beroldingen. 
8vo. Mannheim, 1791. ; 

Geschichte und Systematische Beschreibung der in der Grafschaft Hanau 
Miinzenberg, in dem Amte Bieber und andern Aemtern dieser Graf- 
schaft, auch den dieser Grafftschaft benachbarten Landern gelegen 
Bergwerke, von Franz Ludwig von Cancrin. 12mo. Leipzig, 1787. 

Gesammelte Nachrichten von Schlesischen Bergwerken, von Johann 
Gottlieb Volkelts. 12mo. Bresslau u. Leipzig, 1775. 

Ueber die Chursachsische Bergwerksverfassung ; Ein Beytrag zur Sta- 
tistik von Sachsen, von T. Wagner. 8vo. Leipzig, 1787. 

De Systematibus Mineralogicis et Systemate Mineralogico, Johann Gotsch. 
Wallerius. 8vo. Holmiz, 1768. 

Meditationes Physico-Chemice de Origine Mundi, inprimis Geocosmi 
ejusdemque Metamorphosi, conscripte a Joh. Gotsch. Wallerio. 12mo. 
Stockholmiz et Upsaliz, 1779. 

Ueber die Umwandlung einer Erd- und Stein-Art in die Andere, von Jo- 
hann Friedrich Widemann. 12mo. Berlin, 1792. 

Essai d’une Nouvelle Minéralogie, par M. Wiedman, traduit du Sué- 
dois, par M. Dreux fils. 12mo. Paris, 1771. 

Essai sur la Montagne Salifére du Gouvernement d’Aigle situé dans le 
Canton de Berne, par Francois Sam. Wild. 8vo. Genéve, 1788. 

Ueber Basaltpolaritit, von August Zeune. 12mo. Berlin, 1809. 

Abhandlung iiber die Producte des Mineralreichs in den Koniglich- 
Preussischen Staaten, und tuber die Mittel diesen Zweig des Staats- 
Haushaltes immer mehr empor zu bringen. 8vo. Berlin, 1786. 


DONORS. 
G. B. Greenough, Esq., 
F.G.S. 
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16 Lust of Donations 


1841. BOOKS. DONORS. 

Abbildung aller Berg- und Hiitten-Beamten wie auch der ubrigen Berg- 
euten in ihren Kleidungen nach der Natur gezeichnet, und in Kupfer G. B. Greenough, Esq., 
gestochen, &c., von einem Bergmann. 4to. Niirnberg, 1788. F.G.S. 

A volume of Tracts on Eruptions of Vesuvius. 12mo. 1632, &c. 

A Familiar Discourse or Dialogue concerning the Mine-Adventure, 8vo. 
London, 1700. 

Edits, Ordonnances, Arréts et Réglemens sur le Faict des Mines et Mi- 
niéres de France. 12mo. Paris, 1764. 

The Natural History of Mount Vesuvius, &c.; Translated from the Ori- 
ginal Italian. 12mo. London, 1742. 

Dei Vulcani o Monti Ignivomi piu noti, e distintamente del Vesuvio os- 


ee ee | 


servazioni Fisiche e Notizie Istoriche di Uomini Insigni di vari tempi, 
racolte con diligenza. 2 vols. 12mo. Livorno, 1779. 
A volume of Tracts by Gesner and others on Minerals and Stones. 12mo 
June 24, Anfangsgriinde der Krystallographie, von Dr. Carl Friedrich Nau- 
mann. 8vo. Dresden u. Leipzig, 1841. The Author. 
The London and Edinburgh Philosophical Magazine and Journal of 
Science, conducted by Sir David Brewster, K.C.H., LL.D., F.R.S. L. 
and E., &e., Richard Taylor, Esq., F.S.A., L.S., G.S., &e., and Richard 
Phillips, Esq., F.R.S. L. and E., F.G.S., &c. July 1840 to June 1841. Richard Taylor, Esq., 
8vo. London. F.G.S. 
The Repertory of Patent Inventions, and other Discoveries and Improve- 
ments in Arts, Manufactures, and Agriculture, July 1840 to June 


1841. 8vo. London. The Proprietor. 
The Magazine of Natural History, new series, conducted by Edward 

Charlesworth, F.G.S., &c., July to August 1840. 8vo. London. The Conductor. 
The Atheneum Journal of English and Foreign Literature, June 1840 

to May 1841. 4to. London. The Editor. 


The Microscopic Journal and Monthly Record of Facts in Microscopical 
Science, edited by Daniel Cooper, M.R.C.L., vol. 1, nos. 1 to 5. 8vo. The Microscopical So- 
London, 1841. ciety. 


II. Donations to the Collection of Maps, Sections, &c. 


1840. MAPS, &c. DONORS. 
July 23. The Ordnance Townland Survey of King’s County, in 49 sheets, Col. Colby, by direction 
including the Title and Index. of the Lord-Lieut. of 
Treland. 
Aug. 14. An Impression of Specimens of Fossils engraved on a Daguerreo- L. L. B. Ibbetson, Esq., 
type plate by the process of L. L. Boscawen Ibbetson, Esq. F.G.8. 
Sept. 11. Section 16 der geognostischen Charte des Kénigreiches Sachsen The Council of Mines 
u. der angranzenden Lander. of Freyberg. 
Oct. 23. The Ordnance Townland Survey of the County of Carlow, in 28 Col. Colby, by direction 
sheets, including the Title and Index. of the Lord-Lieut. of 


Treland. 


List of Donations. 


1840. MAPS, &c. 
Nov. 23. Three Maps of the Lands of Glengary and Inverlochy Castle lying 
in the County of Inverness. 
Dec. 29. Carte de la Turquie d’Europe rectifiée, par A. Boué. 


1841. 
Jan. 6. New Index-Geological Map of the British Isles and adjacent Coast 


of France, by John Phillips, F.R.S., G.S. 

Feb. 13. Geological Map of Central and Western Europe, including the 
British Isles, &c., by W. Hughes, F.R.G.S. 

Mar. 29. A series of Lithographic Drawings of the Characteristic Fossils 
of British Strata, by Mr. Charles Moxon, part 1. 

April 1. Sheets nos. 75, 76, 79 and 82 of the Ordnance Map, in continua- 
tion of the Trigonometrical Survey of Great Britain. 

April 2. Coloured Engraving of the Thames Tunnel. 

May 1. Three Pencil Drawings of Ammonites, from the Oxford Clay near 
Chippenham, Wilts. 

May 3. Charts, &c., published by Direction of the Lords Commissioners of 
the Admiralty during the year 1840. 


June 10. Hodgson’s Map of Westmoreland, Coloured Geologically by Rev. 


Prof. Sedgwick. 
June 15. The Ordnance Townland Survey of the County of Galway, in 139 


sheets, including the Title and Index. 


III. Donations to the Cabinet of Minerals. 


1840. SPECIMENS. 
Sept. 26. Fossil Shells from the Marl formation and Coral Rock of Bar- 
badoes. 


Chalk Fossils from the neighbourhood of Charing, Kent. 
Geological Specimens from the West Indies, collected by Captain Bar- 
nett, R.N. 
Fossils from the Carboniferous System near Borovitz. 
Crinoidal and other Remains from the neighbourhood of New Kilpatrick. 
Nov. 30. A collection of Fossil Fish from the Old Red of Scotland. 


Dec. Chalk Fossils from Sutton. 


A series of Specimens obtained while boring. for Water at Poole in 1838 


and 1839. 
Fossils from the Plymouth Limestone. 
Cast of the Head of Ichthyosaurus communis, in the Birmingham Insti- 
tution. 
VOL. VI.—SECOND SERIES. c 


17 
DONORS. 
Prof. Buckland, D.D., 
Pres. G.S. 


The Author. 


Mr. J. W. Lowry. 
Mr. J. Weale. 


The Author. 

The Master-General and 
Board of Ordnance. 

Sir I. M. Brunel. 


S. P. Pratt, Esq., F.G.S. 

Capt. Beaufort, by direc- 
tion of the Lords Com- 
missioners. 

Rey. Prof. Sedgwick, 
F.G.S. 

Col. Colby, by direction 
of the Lord-Lieut. of 
Treland. 


DONORS. 


J. Wheeler, Esq. 

Wm. Harris, Esq., F.G.S. 

Captain Beaufort, R.N., 
Hon. Mem. G.S. 

General Tcheffkine. 

John Baillie, Esq. 

Lady Gordon Cumming. 

Sir John W. Lubbock, 
Bart., Treas. R.S. 


Wm. Thompson, Esq. 

Rev. R. Hennah, F.G.S. 

The Birmingham 
Institution. 
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1841. 


List of Donations. 


SPECIMENS. 


Jan. Specimens of Gold from New Granada. 


April. Fossils from the United States, North America. 


May 3. Chalk Flints from Great Hollingbury, Essex. 


May 6. Fossils from the Mountain Limestone, County of Kildare. 


Specimens from Beyrout and the Lebanon Range, Syria. 


Specimens from Madeira. 


Specimens from Ciampo near Vicenza. 


Specimens from the-Mines of Monserrat in Central America. 


Models of Saurian Remains from the Weald of Kent. 
Feb. Specimens of Boulders from Walney and the mouth of the Wyre, 


Morecombe Bay. 


Specimens of Meiomite from the Magnesian Limestone Conglomerate of 


Ham Green. 


Casts of Molars of a Mastodon from the Crag; and of a Hippopotamus 
from Happisburgh ; also Fishes’ Teeth from the Norwich Crag. 


Specimen of Leptena distorta. 


Specimen of Cyprina Morrisii, from the Cemetery, Lower Norwood. 
Fossils from the Kimmeridge Clay of the Boulonnais. 


Fossils from the Mountain Limestone of Kendal. 
Fossils from the Oxford Clay. 


Fossils from Clarbeston, Pembrokeshire. 


Remains of the Mammoth found in a Gravel-pit in the parish of New- 


ington, near Sittingbourne. 


Bottle of water from the Artesian well of Grenelle, and Specimens of the 


Land and Mud thrown out by the water. 


Specimen of Chetetes radiatus from the Mountain Limestone of Castle 


Espie Quarry, County Down. 


Two teeth of Otodus obliquus from the London Clay, Walton, Essex. 
Specimens from the Clee Hill Coalwork, Shropshire. 


Fossils from the Inferior Oolite of Bayeux in Normandy ; and remains of 


Crustacea from the Upper Greensand, Chard. 
Crania from the Great Oolite near Bath. 


Specimens from the Inferior Oolite, Burton, near Bridport. 


Rock specimens from the Smalls Lighthouse. 
Fossils from the Chalk near Charing. 


Specimens from the gravel of Cold Fall Wood, near Muswell Hill. 


Specimens of Rocks from beyond the Antarctic Circle. 
Specimen of Pecten lamellosus from the Portland Oolite. 


DONORS. 

J.H. Deacon, Esq.,F.G.S. 

J.C. Brettell, Esq. 

James Smith, Esq.,F.G.S. 

R. W. Mackay, Esq, 
F.G.S. 

Hon. T. H. F. Strang- 
ways, F.G.S. 

Mr. Tennant, F.G.S. 

H. M. Denham, Esq., 
R.N. 

B. H. Bright, Esq., 
F.G.S. 


R. Fitch, Esq., F.G.S. 

— Glasspoole, Esq. 

R. I. Murchison, Esgq., 
Pres. G.S. 

Mr. Warren. 

Rev. Prof. Buckland, 
D.D., F.G.S. 

J. Prestwich, Esq., F.G.S. 

S. P. Pratt, Esq., F.G.S. 

Thomas Chapman, Esq., 
F.G.S. 

Earl of Enniskillen, 
F.G.S. 

W. H. Scourfield, Esq. 


William Bland, Esq. 


Earl of Lovelace. 

Capt. Jones, R.N., M.P., 
F.G.S. 

Wm. Taylor, Esq.,F.G.S. 

Thos. Botfield, Esq., 
F.G.S. 


S. P. Pratt, Esq., F.G.S. 

W. Walton, Esq. 

E. H. Bunbury, Esq., 
Sec. G.S. 

Lieut. Sheringham, R.N. 

Wm. Harris, Esq.,F.G.S. 

N. T. Wetherell, Esq., 
F.G.S. 

E. F. Hurry, Esq. 

A. F. Mackintosh, Esq., 
F.G.S. 
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1841. SPECIMENS. DONORS. 

June 10. Fossils from the Lower Greensand, Maidstone. Mr. Indermaur. 
Remains of Mammalia found in peat, in making a new dock at Woolwich. B. G. Snow, Esq., F.G.S. 
Specimens from Pembrokeshire. H. Maclauchlan, Esq., 

F.G.S. 
June 18. A series of Freshwater and Land Shells, from the newer Pliocene 
deposit, Stutton, Suffolk. S. V. Wood, Esq., F.G.S. 
June 23. A series of Freshwater and Land Shells, from Swale Cliff, Herne 
Bay, and Faversham, Kent. J. Trimmer, Esq., F.G.S. 
June 28. A Collection of Specimens from the Azores, Canaries, Spain, and Comte de Vargas Bede- 
Portugal. mar. 
A Series of Tertiary Shells, from Touraine. Charles Lyell, Esq., 
V.E-G:S: 


Specimens from the neighbourhood of Ilfracombe ; from the Diluvium of 
Norfolk ; a slab of sandstone with impressions of footsteps, from Stor- Rev. Prof. Buckland, 


ton; and a mass of quader sandstein from near Magdeburgh. D.D., F.G.S. 

Fossils from the Coal Measures and Limestone of New Brunswick, &c., W. J. Henwood, Esq,., 
and from the Limestone and Shale of Lockport, &c. FE.G.S. 

Specimens of Cucullea decussata found at Nash Court near Faversham, E. Crow, Esq. 

Fossils from Boughton Hill. J. Trimmer, Esq., F.G.S. 

A concretion from the Old Red Sandstone of Auchmithie near Arbroath; W. C. Trevelyan, Esq., 
and a specimen of limestone furrowed by drifted sand. F.G.S. 


IV. Miscellaneous. 


1841. 
Jan.'7. A series of Farey’s Models of Strata. G. B. Greenough, Esq, 
V.P.G.S. 
May. Twelve 4-inch Geological Models. T. Sopwith, Esq., F.G.S. 


c 2 


DONATIONS 


From the Close of the Thirty-Third Session in June 1841, to the Close of the 


Thirty-Fourth in June 1842. 


I. To the Library. 


1841. BOOKS. 
July 2. Transactions of the London Electrical Society from 1837 to 
1840. 


Proceedings of the London Electrical Society, part 1, 8vo. 

July 3. Bulletin de la Société Géologique de France. Tome 12. feuilles 
12—17. 8vo. 

July 5. A New Operation for the Cure of Amaurosis, Impaired Vision, and 
Shortsightedness, by J. J. Adams, F.L.S., G.S. 8vo. London, 1841. 

July 9. Des Roches considérées Minéralogiquement, par J. J. D’Omalius 
D’Halloy. Nouvelle édition. 8vo. Paris, 1841. 

July 10. Transactions of the American Philosophical Society, vol. 7. 
part 3. New Series. 4to. Philadelphia. 

Proceedings of the American Philosophical Society, vol. 2. No. 17. 8vo. 

Résumé des Observations sur la Météorologie, sur le Magnétisme, sur 
les Températures de la Terre, sur la Floraison des Plantes, &c., par 
A. Quetelet. 4to. (Extrait du Tome 14 des Mémoires del’ Académie 
Royale de Bruxelles.) 1841. 

Nouveaux Mémoires de l’Académie Royale des Sciences et Belles-Lettres 
de Bruxelles, tome 13. 4to. Bruxelles. 

Mémoires Couronnés par |’Académie Royale des Sciences et Belles 
Lettres de Bruxelles, tome 14. Deuxiéme partie, 1839-1840. 4to. 
Bruxelles. 

Des Moyens de soustraire |’Exploitation des Mines de Houille aux 
chances d’Explosion. Recueil de Mémoires et de Rapports publié 
par l’Académie Royale des Sciences et Belles-Lettres de Bruxelles. 
8vo. Bruxelles, 1'840. 

Bulletins de l’Académie Royale des Sciences et Belles-Lettres de 
Bruxelles, Année 1840. Tome 7, partie 1" et 2°. 8vo. Bruxelles. 

Annuaire de l’Académie Royale des Sciences et Belles-Lettres de 
Bruxelles. Septiéme Année. 18mo. Bruxelles, 1841. 

July 16. Transactions of the Zoological Society of London, vol. 2. part 5. 
4to. London. 

List of papers contained in vol. 2 of the Transactions of the Zoological 
Society of London. 

Proceedings of the Zoological Society of London, January to September 
1840. 8vo. 


DONORS. 
The London Electrical 
Society. 
Geological Society of 
France. 


The Author. 


The Author. 
American Philosophical 
Society. 
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The Author. 
The Royal Academy of 
Sciences of Bruxelles. 


Pr ee eee 


The Zoological Society 
of London. 
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List of Donations. 


1841. BOOKS. 

July 17. Lettre a M. R. I. Murchison, sur le Rhopalodon, Genre de 
Saurien Fossile du versant occidental de L’Oural, par G. Fischer de 
Waldheim. 8vo. Moscow, 1841. 2 copies. 

July 23. Proceedings of the Royal Society of London, nos. 45 to 48, 
1841. 8vo. 

Essai sur la Statistique Générale de la Belgique, composé sur des Docu- 
ments publics et particuliérs; par Xavier Heuschling, et publié par 
Ph. Vandermaelen. Deuxiéme Edition. 8vo. Bruxelles, 1841. 

July 30. Mineralogical Report upon a portion of the districts of Nellore, 
Cuddapah and Guntoor, by Lieut. Ouchterlony, F.G.S. 8vo. Madras, 
1841. 

July 31. Journal of the Royal Agricultural Society of England, vol. 2. 
part 2. 8vo. London. 

Aug. 4. Histoire Naturelle Générale et Particuliére des Crinoides vivans et 
fossiles, par Alcide D’Orbigny. 3°™° livraison. 4to. Paris, 1840. 

Aug. 7. Elements of Geology, by Charles Lyell, Esq., F.R.S. Second 
Edition. 2 vols. 8vo. London, 1841. 

Bulletin dela Société Géologique de France, tome 12. feuilles 18-21. 8vo. 
Paris. 

Det Kongelige Danske Videnskabernes Selskabs Naturvidenskabelige 
og Mathematiske Afharidlinger. Ottende Deel. Med. 33 Tavler. 4to. 
Kjobenhavn, 1841. 

Oversight over det Kongelige Danske Videnskabernes Selskabs For- 
handlinger og dets Medlemmers Arbeider i Aarct. 1839-1840. 4to. 

Censura Commentationum Societati Regize Danice Scientiarum a. 1840 
ad premium reportandum oblatarum, et nove questiones, quas in 
annum 1842 Societas cum premii promisso proponit, 12mo. 3 copies. 

Aug. 13. Die Uberreste vorweltlicher Riesenthiere in Beziehung zu 
Ostasiatischen Sagen und Chinesischen Schriften. Von J. Fr. M. v. 
Olfers. 4to. Berlin, 1840. 

Verzeichniss einer Sammlung von Gemalden alterer Meister im Besitz des 
Malers C. Waagen in Miinchen. 8vo. Mai, 1841. 

Aug. 21. The Journal of the Royal Asiatic Society of Great Britain and 
Ireland. No. 12. 8vo. London. 

Proceedings of the Committee of Commerce and Agriculture of the 
Royal Asiatic Society of Great Britain and Ireland. 1841. 8vo. 
London, 1841. 

Figures and Descriptions of the Paleozoic Fossils of Cornwall, Devon, 
and West Somerset, by John Phillips, F.R.S., G.S., &c. 8vo. London, 
1841. 

Aug. 27. Studien des Gottingischen Vereins Bergmannischer Freunde. 
Im Namen desselben herausgegeben von Joh. F. L. Hausmann. 
Vierten Bandes, drittes Heft, mit 4 Tabellen, und 1 Steindrucktafel. 
8vo. Gottingen, 1841. 

Sep. 7. Uber den Jurakalk von Kurowitz in Mihren, und uber den 
darin vorkommenden Aptychus imbricatus, von Ernst Fried. v. 
Glockermit, vier Steindrucktafeln. 4to. Breslau, 1841. 

Sept. 11. Elements of Chemistry, including the recent discoveries and 


DONORS. 


The Author. 
The Royal Society. 
M. M. Ph. Vandermae- 


len, F.G.S. 


The Author. 

Royal Agricultural So- 
ciety of England. 

The Author. 

The Author. 

Geological Society of 


France. 


Royal Society of Co- 
penhagen. 


The Author. 
The Author. 


Royal Asiatic Society. 


The Author. 


Prof, Hausmann. 


The Author. 


22 List of Donations. 


1841. BOOKS. 
doctrines of the Science, by the late Edward Turner, M.D. Sixth 
Edition, enlarged and revised by Justus Liebig, M.D., and others. 
Part 3. no. 3. 1841. 8vo, London. 

Sept. 11. Descriptive and Illustrated Catalogue of Comparative Anatomy 
in the Museum of the Royal College of Surgeons. Vol. 5. 4to. London, 
1841. 

Des Moulins’s General Considerations on restricting the number of 
Species of the Genera Unio and Anodonta; translated from the 
French, by Philip H. Nicklin, A.M. 8vo. (From the American 
Journal of Science and Arts, vol. 41. no. 1. 1841.) 

Sept. 15. Eighth Annual Report of the Royal Cornwall Polytechnic So- 
ciety, 1840. 8vo. Falmouth, 1840. 

Sept. 16. Proceedings of the Geological and Polytechnic Society of the 
West Riding of Yorkshire, at the 12th Quarterly Meeting, held at 
Doncaster on the 2nd December, 1840. 8vo. 

Sept. 17. Philosophical Transactions of the Royal Society of London, part 
1, 1841. 4to. London, 1841. 

Bulletin de la Société Géologique de France, tome 12, feuilles 22-27. 
8vo. Paris. 

Sept. 21. Observations sur les Glaciers du Spitzberg comparés a ceux de 
la Suisse et de la Norvége, par Ch. Martins, D. M. 8vo. 1840. - 

Sept. 22. Transactions of the Linnean Society of London, vol. 18, part 4. 
4to. London, 1841. 

Proceedings of the Linnean Society of London, from April 7th, 1840, to 
June 1, 1841. 8vo. 

List of the Linnean Society of London for 1841. 4to. London, 1841. 

Sept. 29. Catalogue Zoologique renfermant les Débris Fossiles des Ani- 
maux vertébrés et invertébrés découverts dans les différents étages des 
terrains qui constituent les Formations Géognostiques du Bassin de la 
Gironde (Environs de Bordeaux), précédé de la Classification des Ter- 
rains de ce Bassin; par M. Grateloup. Svo. Bordeaux, 1838. 

Oct. 1. Proceedings of the London Electrical Society, Session 1841-2, 
part 2. 8vo. London. 

Report of the Committee appointed to test the action of an instrument 
invented by Lieut. R. J. Morrison, R.N., and denominated by him a 
Portable Magnetic Electrometer. Read 21st April, 1838. 8vo. London. 

Oct. 7. Abhandlungen der Koniglichen Academie der Wissenchaften zu Ber- 
lin, 1839. 4:to. Berlin. 

Bericht uber die zur Bekanntmachung geeigneten Verhandlungen der 
Konigl. Preuss. Akademie der Wissenschaften zu Berlin. (July 1840 to 
June 1841.) 8vo. Berlin, 1840-1841. 

Oct. 11. An Investigation of the Furrows which traverse the Scandinavian 
Mountains in certain directions, together with the probable cause of 
their origin, by N. G. Sefstrom. 8vo. (From the Scientific Memoirs, 
vol. 3.) 

Oct. 23. Madras Journal of Literature and Science, published under the 
auspices of the Madras Literary Society and Auxiliary Royal Asiatic 
Society, no. 28, July to September, 1840. 8vo. Madras, 1840. 


DONORS. 


Prof. Liebig. 


Royal College of Sur- 


geons. 


P. H. Nicklin, Esq. 

Royal Cornwall Poly- 
technic Society. 

Geological and _ Poly- 
technic Society of the 
West Riding of Yorks. 


The Royal Society. 
Geological Society of 
France. 


The Author. 
Linnean Society of 
London. 


re | 


The Author. 
London Electrical So- 
ciety. 


Royal Academy of Ber- 
lin. 


F. Walker, Esq., F.G.S. 


Madras Literary So- 
ciety. 


List of Donations. 


1841. BOOKS. 

Oct. 30. Bulletin de la Société Impériale des Naturalistes de Moscou, 
nos. 1 to 4, 1840; and no. 1, 1841. 8vo. 

Nov. 4. Professor Hitcheock’s Anniversary Address before the Association 
of American Geologists, Philadelphia, April 5th, 1841. 8vo. New Ha- 
ven, 1841. 

The American Journal of Science and Arts, conducted by Prof. Silliman, 
M.D., LL.D. vol. 41. July and October, 1841. 8vo. New Haven, 1841. 

Transactions of the Cambridge Philosophical Society, vol.'7, part 2. 4to. 
Cambridge, 1841. 

Nov. 5. Monografia del Genere Murex ossia enumerazione delle principali 
Specie dei Terreni Sopracretacei dell Italia, per Giovanni Michelotti. 
4to. Vicenza, 1841. 

Brevi Cenni sullo Studio della Zoologia Fossile per L’Avv. G. Michelotti. 
8vo. Torino, 1841. 
Nov. 6. Proceedings of the Scientific Society of London. vol. 2. 8vo. 
Nov. 8. Proceedings of the Royal Irish Academy, nos. 27 to 30. 8vo. 


Nov. 10. Proceedings of the Royal Society of Edinburgh, no. 19, 1841. 


8vo. 
Nov. 11. Boston Journal of Natural History, containing Papers read before 
the Boston Society of Natural History, vol.3, no.4. 8vo. Boston. 
Nov. 16. Catalogue of the Fellows, Candidates, and Licentiates of the Royal 
College of Physicians, 1841. 8vo. 
Nov. 17. Illustrations of the Characteristic Fossils of British Strata, by 
Charles Moxon. 4to. London, 1841. 

Etwas uber die Natur-Wunder in Nord-America, zusammengetragen 
von Charles Cramer, parts 1 and 2. 8vo. St. Petersburg, 1837 and 
1840. : 

Sur le Systéme Silurien de I’Esthonie, par Dr. Eichwald. 8vo. St. Pe- 
tersbourg, 1840. 

Ueber Ichthyosauren und Ceratiten Russlands, von Dr. Eichwald. 8vo. 
1841. 2 copies. 

The Natural History of the Earth, Illustrated, Inlarged, and De- 
fended, by John Woodward, M.D. 8vo. London, 1726. 

Fossils of all kinds, digested into a Method suitable to their mutual Re- 
lation and Affinity, by John Woodward, M.D. 8vo. London, 1728. 

An Attempt towards a Natural History of the Fossils of England; in a 
Catalogue of the English Fossils in the Collection of J. Woodward, 
M.D. 8vo. London, 1729. f 

A New Theory of the Earth, from its original to the consummation of 
all things, by W. Whiston, M.A. 8vo. London, 1696. . 

Nov. 18. Outlines of Comparative Anatomy, by Robert E. Grant, M.D., 
part 7, pages 625 to 656. 8vo. London, 1841. 

Nov. 22. Bulletins de ’ Académie Royale des Sciences et Belles-Lettres de 
Bruxelles, année 1841. Tome huitiéme, 1"*partie. 8vo. Bruxelles, 1841. 

Mémoires Couronnés par I’ Académie Royale des Sciences et Belles-Let- 
tres de Bruxelles, tome 15, 1" partie 1840-1841. 4to. Bruxelles, 1841. 

Nouveaux Mémoires de !’Académie Royale des Sciences et Belles-Let- 
tres de Bruxelles, tome 14. 4to. Bruxelles, 1841. 
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Imperial Society of Mos- 
cow. 


B. Silliman, Jun., Esq. 


The Conductor. 
Cambridge Philosophical 
Society. 


The Author. 


The Author. 

Scientific Soc., London. 

Royal Irish Academy. 

The Royal Society of 
Edinburgh. 

Boston Society of Na- 
tural History. 

Royal College of Phy- 
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The Author. 


The Author. 
The Author. 
The Author. 


John Wiggins, Esq, 
E.G.S. 
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The Author. 
Royal Academy of Brus- 
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4 List of Donations. 


1841. BOOKS. 

Nov. 24. Transactions of the Manchester Geological Society, vol. 1. 8vo. 
Manchester, 1841. 

Report at the Third Annual Meeting of the Manchester Geological So- 
ciety, held 28th October, 1841. 8vo. Manchester, 1841. 

Erdkunde. (Geologie) Ein Versuch den Ursprung der Erde und ihre 
alimahlige Uminderung bis aus den heutigen Tag mit naturwissen- 
schaftlicher Nothwendigkeit aus der Nebelhypothese des La Place 
zu folgern, von Dr. A. Petzholdt. 8vo. Leipzig, 1840. 

De Calamitis et Lithanthracibus. Libros duos scripsit Dr. A. Petz- 
holdt. 8vo. Dresdz et Lipsiz, 1841. 

Ueber Calamiten und Steinkohlenbildung von Dr. A. Petzholdt. Svo. 
Dresden und Leipzig, 1841.° 

Nov. 25. Monographie des Plantes Fossiles du Grés Bigarré de la Chaine 
des Vosges, par W. P. Schimper et A. Mougeot, parts 1 and 2. 4to. 
Strasbourg and Paris, 1840. 

Nov. 26. Description of the Missourium or Missouri Leviathan, second 
edition, enlarged, by Albert Koch. 8vo. Louisville, 1841. 

Dec. 1. Proceedings of the American Philosophical Society, vol. 2, no. 18. 
8vo. 

Osservazione Geologiche sulle Alpi Marittime e sugli Apennini Liguri 
di Angelo Sismonda. 4to. 1841. 

Dec. 4. Annales des Mines, ou Recueil de Mémoires sur l’Exploitation des 
Mines, et sur les Sciences et les Arts qui s’y rapportent, troisiéme 
série, tome 17, tome 18, et tome 19. 8vo. Paris, 1840-1841. 

Dec. 7. Proceedings of the Royal Society of London, no. 49. 8vo. 

Excursions et Séjour de M. Agassiz sur la Mer de Glace du Lauteraar 
et du Finsteraar, en Société de plusieurs Naturalistes, par E. Desor, 
(Tiré de la Bibliotheque Universelle de Genéve, Mars et Avril, 1841.) 
8vo. 1841. 

Dec. 8. First Sketch of some of the Results of a Second Geological Survey 
of Russia, by R. I. Murchison, Esq., F.R.S. 8vo. London, 1841. 
Dec. 9. On the Fossil Remains of Turtles discovered in the Chalk Forma- 
tion of the South-east of England, by G. A. Mantell, Esq., LL.D. 4to. 

London, 1841. (From the Philosophical Transactions for 1841.) 

Memoir on a Portion of the Lower Jaw of the Iguanodon, and on the 
Remains of the Hyleosaurus and other Saurians discovered in the 
Strata of Tilgate Forest in Sussex, by G. A. Mantell, Esq., LL.D. 4to. 
London, 1841. (From the Philosophical Transactions for 1841.) 

Explication de la Carte Géologique de la France, par MM. Dufrénoy et 
Elie de Beaumont, tome premier. 4to. Paris, 1841. 

Dec. 11. Geologische Beobachtungen tuber die vulkanischen Erscheinungen 
und Bildungen in Unter- und Mittel-Italien, von H. Abich, Ersten 
Bandes, Erste Lieferung. 4to. Braunschweig, 1841. 

Statement of the Receipts and Payments of the Royal Society, between 
November 28th 1840 and November 29th 1841. 

Dec. 13. Reports of the Worcestershire Natural History Society, 1835- 

1840. 8vo. 
Dee. 14. Sulla Giacitura dei Terreni di Sedimento del Trivigiano. Memo- 


DONORS. 
Manchester Geological 
Society. 


The Authors. 

The Author. 

American Philosopbical 
Society. 

The Author. 


L’Ecole des Mines. 
The Royal Society. 


The Author. 


The Author. 


The Author. 


The Authors. 


The Author. 


The Royal Society. 
Worcestershire Natural 
History Society. 


List of Donations. 


1841. BOOKS. 
ria letta all’ I. R. Accademia di Scienze, Lettere ed Arti di Padova 
nella Tornata dell’ II. Marzo 1841, dal Socio Achille de Zigno. 8vo. 
Padova, 1841. 

Osservazioni Geognostico-Zoologiche sopra due Scritti pubblicati nel 
tomo terzo delle Memorie della Societa Geologica di Parigi per I’ anno 
1838, del Prossore T. A. Catullo. 4to. Padova, 1840. 5 copies. 

Dec. 27. Journal of the Royal Geographical Society of London, vol. 11, 
part 1. 1841. 8vo. 

Dec. 28. Philosophical Transactions of the Royal Society of London, for 
1841, part 2. 4to. London, 1841. 

Proceedings of the Royal Society, 1841, no. 50. 8vo. 

Dee. 30. The Geologist. A Monthly Record of Investigations and Dis- 
coveries in Geology, Mineralogy, and their associate Sciences. Edited 
by Charles Moxon, no. 1, January 1842. 8vo. London, 1841. 

1842. 

Jan. 1. Proceedings of the London Electrical Society, Session 1841-42, 
part 3. 8vo. 

The Quarterly Journal of Meteorology and Physical Science, no. 1, 
January 1842. 8vo. 

Jan. 3. Proceedings of the American Philosophical Society, vol. 2, no. 19. 
8vo. 

Jan. 5. Nattali’s Annual Catalogue for 1842. 8vo. London, 1842. 

Lectures on Agricultural Chemistry and Geology, by J. F. W. Johnston, 
M.A., part 1. 8vo. 

Jan. 11. Geognostische Beschreibung der Insel Elba, von Kranz. 8vo. 
Abgedruckt aus Karsten und v. Dechen Archiv, Bd. 15, H. 2. 

Jan. 17. Hohen der Orter iiber der Meeresflache im Europaischen und 
Asiatischen Russland, aus Barometer-Beobachtungen, die Wahrend 
der Reise mit der Russischen Gesandtschaft nach China in den 
Jahren 1805-1807, so wie auf einigen spitern Reisen im Russischen 
Reiche angestellt wurden, von Dr. Lorenz v. Pansner. 8vo. Berlin, 
1836. 

Bulletin de la Société Géologique de France, tome 12, feuilles 28-31. 
8vo. Paris. 

Jan. 18. List of the Royal Society of London, Noy. 30, 1841. 4to. 
London, 1841. 

Letter addressed to the Fellows of the Royal Society, by the Marquis 
of Northampton, President, Nov. 30, 1841. 8vo. London, 1841. 

Jan. 19. A Hand-book for Plain and Ornamental Mapping and Engineer- 
ing Drawing, by Benjamin P. Wilme, part 1. 4to. 

A Descriptive Catalogue of the Minerals in the Museum of King’s 
College, London, by H. W. Bristow, Esq. 8vo. London, 1842. 

Sketch of the Geology of Jasinga, by Jonathan Rigg, Esq. 8vo. 
Batavia, 1838. 

Onziéme Rapport annuel sur les Travaux de la Société d’Histoire Na- 
turelle de l’Ile Maurice, par M. Louis Bouton. 8vo. Maurice, 1841. 

Feb, 1. Journal of the Royal Agricultural Society of England, vol. 2, part 3. 
8vo. London, 1842. 
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The Author. 


The Author. 
Royal Geographical So- 
ciety. 


The Royal Society. 
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The Editor. 


London Electrical So- 
ciety. 


J. W. G. Gutch, Esq. 

American Philosophical 
Society. 

Mr. M. A. Nattali. 


The Author. 


The Author. 


The Author. 
Geological 
France. 


Society of 


The Royal Society. 


The Author. 
Mr. J. Tennant, F.G.S8. 
The Author. 
The Author. 


Royal Agricultural So- 
ciety. 


26 List of Donations. 

1842. BOOKS. 

Feb. 9. Madras Journal of Literature and Science, published under the 
auspices of the Madras Literary Society and Auxiliary Royal Asiatic 
Society, no. 29, October—December, 1840. 8vo. Madras, 1840. 

Lettera del Professore Catullo al Nobile Signore Conte Camillo Salina. 8vo. 

Nota Intorno gli Echinidi Fossili della Creta e del Terreno Terziario 
delle Provincie Venete del Professore Catullo. 8vo. 

Nota sopra aleuni fatti attinenti alla Geognosia delle Alpi Venete, del 
C. V. Catullo, figlio. 8vo. Milano, 1842. 

Feb. 10. Minutes of the Committee of Council on Education, with Ap- 
pendices, 1840-41. 8vo. London, 1841. 

Rapport sur un Mémoire de M. Durocher, intitulé, Observations sur le 
Phénoméne diluvien dans le Nord de l'Europe. Commissaires, MM. 
Alexandre Brongniart, Elie de Beaumont, (rapporteur). 4to. 1842. 
(Ext. des Comptes Rendus Janvier, 1842.) 

Twenty-first Report of the Council of the Leeds Philosophical and Lite- 
rary Society, at the close of the Session 1840-41. 8vo. Leeds, 1841. 

Feb. 19. Notice of a Model of the Western portion of the Schuylkill or 
Southern Coal Field of Pennsylvania, by R. C. Taylor, F.G.S. 8vo. 
1841. 

Feb. 23. Twelfth Report of the Scarborough Philosophical Society, to 
Aug. 31, 1841. 8vo. 

Mar. 8. Mémoires de la Société Géologique de France, tome quatriéme, 
deuxiéme partie. 4to. Paris, 1842. 

Bulletin de la Société Géologique de France, tome 13, feuilles 1-5. 8vo. 
1841. 

Liste des Membres de la Société Géologique de France au 1% Février 
1842. 8vo. Paris, 1842. 

A Letter to the Editor of the Glasgow Argus, occasioned by an Article 


which recently appeared in that paper, entitled, “ Reasons for a new - 


Edition of the Nursery Rhymes of England,’ &¢., by Alexander 
M’Chaff, Esq. 8vo. 

Report of the Birmingham Philosophical Institution, at the Annual Gene- 
ral Meeting, Oct. 26, 1841. 8vo. 

Beitrage zur Geognosie und Petrefacten-kunde des Siidéstlichen Tirol’s 
vorzuglich der Schichten von St. Cassian von Dr. Wissmann und 
Graf Miinster unter Mitwirkung des Dr. Braun mit XVI. nach der 
Natur gezeichneten Tafeln herausgegeben von Georg Graf zu Miin- 
ster. 4to. Bayreuth, 1841. 

American Journal of Science and Arts, conducted by Prof. Silliman, 
M.D., LL.D. vol. 42, no. 1, Jan. 1842. 8vo. New Haven, 1842. 
Mar. 10. Principios de Geologia, por A. T. Pinto d’Almeida. 8vo. Coimbra, 

1838. 

Notice sur les Glaciers, les Moraines et les Blocs Erratiques des Alpes, 
par Ch. Godeffroy. 8vo. Paris et Genéve, 1840. 

Mar. 18. Bulletin de ’ Académie Royale des Sciences et Belles-Lettres de 
Bruxelles, année 1841, tome 8, partie 2™°. 8vo. Bruxelles. 

Annuaire de l’Académie Royale des Sciences et Belles-Lettres de 

Bruxelles, huitiéme année. 18mo. Bruxelles, 1842. 
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Madras Literary Society. 
The Author. 
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The Committee of Coun- 
cil on Education. 


M. Elie de Beaumont, 
For. Mem. G.S. 

Leeds Philosophical and 
Literary Society. 


The Author. 

Scarborough Philosophi- 
cal Society. 

Geological Society of 
France. 


The Author. 
Birmingham Philosophi- 
cal Institution. 


Count Munster, For. 


Mem. G.S. 
The Conductor. 
The Author. 
The Author. 


Royal Academy of Brus- 
sels. 


List of Donations. 


1842. BOOKS. 

Mar. 18. Instructions pour Observation des Phénoménes Périodiques, 
par A. Quetelet. 8vo. 1842. 

Nouveau Catalogue des Principales Apparitions d’Etoiles Filantes, par 
A. Quetelet. 4to. Bruxelles, 1841. 

Mémoire sur les Terrains Triassique et Jurassique de la Province de Lux- 
embourg, par A. H. Dumont. 4to. Bruxelles. (Extrait du Tome 15 des 
Mémoires de |’Académie Royale de Bruxelles.) 

Rapport sur les Travaux de la Carte Géologique pendant l’année 1841, 
par A. H. Dumont. 8vo. 

Mar. 22. The Inaugural Address delivered by Roderick Impey Murchi- 
son, Esq., Pres. G.S., at the First General Meeting of the Dudley and 
Midland Geological Society, Jan. 17, 1842. 8vo. London, 1842. 

Déscription des Animaux Fossiles qui se trouvent dans le Terrain Houil- 
ler et dans le Systéme Supérieur du Terrain Anthraxifére de la Bel- 
gique, par L. de Koninck, 1, 2, et 3 livraisons. 4to. Liége, 1842. 

Mémoire sur les Crustacés Fossiles de Belgique, par L. de Koninck. 4to. 
(Ext. du Tome 11 des Mémoires de I’Acad. Roy. des Se. de Bruxelles, ) 
et Déscription des Coquilles Fossiles de l’Argile de Basele, Boom, 
Schelle, &c., par L. de Koninck. 

April 2. Proceedings of the London Electrical Society, Session 1841-2, 
part 4. 8vo. 
April 7. Theoretical Investigations on the Motions of Glaciers, by W. Hop- 
kins, Esq. 8vo. Cambridge, 1842. 
Catalogue of the London Library, established 1841. 8vo. London, 1842. 


April 13. Discourses de M. Serres, M. Chevreul, et M. Milne Edwards, 


prononcés aux Funérailles de M. Audouin, le 11™* Novembre 1841. 


4to. Paris. 
April 18. Report of the Eleventh Meeting of the British Association for 


the Advancement of Science, held at Plymouth in July 1841. 8vo. 


London, 1842. 

Particulars of the Earthquake felt in parts of Cornwall, on Feb. 17, 1842. 
Collected by Mr. Robert Hunt. 8vo. 

Twenty-eighth Annual Report of the Council of the Royal Geological 
Society of Cornwall, 1841. , 


April 19. Elements of Agricultural Chemistry and Geology, by James F. 


W. Johnston, M.A. 
April 22. Notes upon the Geology of theWestern States, by James Hall, State 

Geologist of New York. 8vo. 1841. (From Silliman’s Journal, vol.42.) 

Coup d’(Eil sur la Constitution Géologique des Provinces Méridionales 
du Royaume de Naples; suivi de quelques notions sur Nice et ses 
Environs, par Pierre de Tchihatchoff. 8vo. Berlin, 1842. 

May 3. Oversight over det Kongelige Danske Videnskabernes selskabs 
Forhandlinger og dets Medlemmers Arbeider i Aaret. 1841. 4to. 

Censura Commentationum Societati Regize Danicz Scientiarum a. 1841 
ad premium reportandum oblatarum, et nove quastiones quas in 
annum 1843 proponit Societas cum przmii promisso. 12mo. 

A Memoir of William Maclure, Esq., late President of the Academy 
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The Author. 
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The Author. 


The Author. 


London Electrical So- 
ciety. 


The Author. 
The Committee of the 
London Library. 


Academy of Sciences of 
Paris. 

The British Association. 

The Author. 

Royal Geological Society 
of Cornwall. 


The Author. 


The Author. 


Royal Society of Copen- 
hagen. 


28 Tist of Donations. 


1842. BOOKS. 
of Natural Sciences of Philadelphia, by Samuel George Morton, M.D. 
8vo. Philadelphia, 1841. 

Description of some new Species of Organic Remains of the Cretaceous 
Group of the United States, by S. G. Morton, M.D. 8vo. Phila- 
delphia, 1842. 

May 7. Archives du Muséum d'Histoire Naturelle, publiées par les Pro- 
fesseurs-Administrateurs de cet Etablissement, tome 1, livraisons 2, 3, 
& 4; and tome 2, livraisons 1] & 2. 4to. Paris. 

Bulletin de la Société Géologique de France, tome 13, feuilles 6-10. 8vo. 
Paris, 1842. 

May 10. The Prize Essay on the History and Antiquities of Highgate, by 
William Sidney Gibson, F.S.A., &c.. 8vo. London, 1842. 

Second Mémoire sur les Kaolins ou Argiles a Porcelaine, sur la Nature 
et l’Origine de cette sorte d’Argile, par MM. Alexandre Brongniart et 
Malaguti. 4to. Paris, 1841. (Extrait des Archives du Muséum, 
tome 2.) 

May 11. American Journal of Science and Arts, conducted by Benjamin 
Silliman, M.D., LL.D., vol. 42, no. 2, April 1842. 8vo. New Haven, 
1842. 

Boston Journal of Natural History, vol. 4, no. 1. 8vo. Boston, 1842. 


Address delivered at the Anniversary Meeting of the Geological Society 
of London, on the 18th of February, 1842, by R. I. Murchison, Esq., 
Pres. G.S. 8vo. London, 1842. 

May 16. The Structure and Distribution of Coral Reefs, being the First 
Part of the Geology of the Voyage of the Beagle, by Charles Darwin, 
M.A. 8vo. London, 1842. 

May 17. Mémoire de Géo-Zoologie sur les Coquilles Fossiles de la Famille 
des Néritacés, observées dans les Terrains Tertiaires du Bassin de 
Y Adour aux Environs de Dax (Landes), faisant suite 4 la Conchylio- 
logie Fossile de ce Bassin, par M. le Dr. Grateloup. 8vo. Bordeaux, 
1840. 

Mémoire sur plusieurs Espéces de Coquilles nouvelles ou peu Connues 
de Mollusques Exotiques, Vivants, Terrestres, Fluviatiles et Marins, 
par M. le Dr. Grateloup. Svo. Bordeaux, 1840. 

Beitrage zur Geognosie des Russischen Reiches, von Dr. J. Christian 
Heinrich Pander. 4to. St. Petersburg, 1830. 

May 30. Abhandlungen der Mathematisch-Physikalischen Classe der K6- 
niglich Bayerischen Akademie der Wissenschaften, Bands 1, 2, & 3. 
4to. Munchen, 1840. 

Ueber das Magnetische Observatorium der Konig]. Sternwarte bei Miin- 
chen, von Dr.J. Lamont. 4to. Miinchen, 1841. 

Reports of the Natural History Society of Northumberland, Durham, and 


Newcastle-upon-Tyne, for the years 1834, 1838, 1840, and 1841. 8vo. 


June 1. The Practical Mechanic and Engineer’s Magazine, vol. 1. nos. | and 
2. 4to. Glasgow, 1841. 

June 6. Geognostische Studien am Meeres-Ufer, von Hrn. Prof. G. Forch- 
hammer. 8vo. (From the N. Jahrb. fur Mineral. 1841.) 
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The Author. 
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Geological Society of 
France. 


The Author. 


M. A. Brongniart, For. 
Mem. G.S. 


The Conductor. 
Boston Society of Natu- . 
ral History. 


The Author. 


The Author. 


The Author. 


R. I. Murchison, Esq., 
Pres. G.S. 


Royal Academy of Ma- 
nich. 


Natural History Society 
of Northumberland. 


John Craig, Esq 


The Author. 


Lust of Donations. 


1842. BOOKS. 

June 7. Nomenclator Zoologicus, continens Nomina Systematica Generum 
Animalium tam viventium quam fossilium, &e. Autore Prof. L. Agassiz. 
Fasciculus ]. continens Mammalia, Echinodermata et Acalephas. 4to. 
1842. 

.L’Ascension de la Jungfrau effectuée le 28 Aout 1841, par MM. Agassiz, 
Forbes, du Chatelier et Desor; précédée du récit de leur traversée de 
la Mer de Glace, du Grimsel a Viesch en Valais, par E. Desor. 8vo. 
(Tiré de la Bibliothéque Univ. de Genéve, Nov. 1841.) 

June 8. The First Annual Part of the Phytologist, 1842. 8vo. 

June 13. Bulletin de la Société Géologique de France, tome 13, feuilles 
11-16. 8vo. Paris, 1842. 

Collectanea Glocestriensia ; or a Catalogue of Books, Tracts, Prints, Coins, 
&c., relating to the County of Gloucester, in the possession of J. D. 
Phelps, Esq. 8vo. London, 1842. 

June 22. Transactions of the Royal Society of Edinburgh, vol. 15, part 2. 
4to. Edinburgh, 1842. ' 

Proceedings of the Royal Society of Edinburgh, no. 19* and 20. 8vo. 
1842. 

Journal of the Royal Agricultural Society of England, vol. 3.part 1. 8vo. 
London, 1842. 

June 25. Journal of the Royal Geographical Society of London, vol. 3, part 
2. 8vo. London, 1842. 

June 29. Philosophical Transactions of the Royal Society, for the year 1842, 
part 1. 4to. London, 1842. 

Proceedings of the Royal Society of London, nos. 51, 52, and 53. 8vo. 

The London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science, conducted by Sir David Brewster, Richard Taylor, Esq., 
and Richard Phillips, Esq., &e. July 1841 to June 1842. 8vo. London. 

The Repertory of Patent Inventions, and other discoveries and improve- 
ments in Arts, Manufactures, and Agriculture. July 1841 to June 1842. 
8vo. London. 

The Atheneum Journal of English and Foreign Literature, July 1841 to 
June 1842. 4to. London. 

Comptes Rendu Hebdomadaires des Séances de l’ Académie des Sciences, 
par MM. les Sécrétaires Perpetuels, 1841 ; Premier Semestre, nos. 11 
—26; Deuxiéme Semestre, nos. 1—26; et 1842, Premier Semestre, 
no. l. 4to. Paris, 1841-1842. 

The Microscopie Journal, and Monthly Record of Facts in Microscopical 
Science ; edited by Daniel Cooper, M.R.C.S. Vol. 1, nos. 6 to 16. 8vo. 
London. 

Paléontologie Francaise. Terrains Crétacés, par Alcide d’Orbigny, 
nos. 21 to 32, and 35 to 40. 8vo. Paris, 1841 and 1842. 

Paléontologie Francaise. Terrains Jurassiques, par Alcide d’Orbigny. 
Tome 1, no. 1. 8vo. Paris, 1842. 
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The Author. 


Prof. Agassiz, For. Mem. 
G.S. 

Edw. Newman, Esq. 

Geological Society of 


France. 


J. D. Phelps, Esq., F.G.S. 
Royal Society of Edin- 
burgh. 


Royal Agricultural So- 
ciety of England. 

Royal Geographical So- 
ciety of London. 

The Royal Society. 

Richard Taylor, Esq., 
F.G.S. 

The Proprietor. 

The Editor. 

The Academy of Sci- 

ences of Paris. 
The Editor. 


The Author. 


ee 


Last of Donations. 


II. Donations to the Collection of Maps, Sections, eic. 


1841. MAPS, &e. 
Sept. 21. The Ordnance Townland Survey of the Queen’s County, in 39 
sheets, including the Title and Index. 


Oct. 2. Section XVI of the Geological Map of Saxony. 


Oct. 14. A Lithographic Impression of Fossil Fucoids found in the New Red 
Sandstone formation, Cheshire. 

Nov. 17. Greenwood’s Map of Cumberland, coloured Geologically by Rev. 
Prof. Sedgwick, F.G.S. 

Nov. 22. A Series of 19 Lithotint Prints. 

Nov. 30. Sections of the Line of the Great Western Railway from Padding- 
ton to Reading, and of the Kemble Cutting in the line of the Chelten- 
ham and Great Western Railway, coloured Geologically by J. B. Wil- 
liams, Esq., F.G.S. 

Impression of a Lithotint Drawing of Fossils, by Mr. G. Scharf. 

Dec. 9. Carte Géologique de la France, par MM. Dufrénoy et Elie de Beau- 

mont, in Six Sheets. 
1842. 

Jan. 10. Ordnance Townland Survey of the County of Wexford, in 56 

sheets, including the Title and Index. 


Jan. 18. An Impression of an Engraving of Cidaris margaritifera. 
Jan. 27. A Map of Arabia Petra, the Holy Land, and part of Egypt, by 
Richard Palmer. 
Feb. 5. Sheets, nos. 77, 78, and 87, of the Ordnance Map, in continuation 
of the Trigonometrical Survey of Great Britain. 
Feb. 19. The Diametric Section of the Principles and Theories of Geology, 
by Charles Moxon. 
Feb. 23. Map of Bohemia, Moravia, and Silesia, coloured Geologically by 
M. de Buch. 
Impressions of Four Plates of Trilobites and Crinoidea, from Specimens 
in the Cabinet of John Evans, Esq., of Worcester. 
Karte der Insel Thera oder Santorin, nach der aufnahme des Capitains 
de Gineste, herausgegeben von C. Ritter. 


April 22. Geological Map of Denmark, by Dr. Geo’ Forchammer, in two - 


sheets. 

May 11. Grundplan und Langenprofil des Kanales von der Donau zum 
Maine. Entworfen von dem K. B. Oberbaurathe Freyherrn von Pech- 
mann, in four sheets. 

June 13. Charts, Sailing Directions, &c., published by direction of the Lords 
Commissioners of the Admiralty, during the year 1841. 


Ordnance Townland Survey of the County of Kilkenny, in 49 sheets, in- 
cluding the Title and Index. 


DONORS. 
Col. Colby, by direction 
of the Lord Lieut. of 
Treland. 
The Council of Mines 
of Freyberg. 


F. Marratt, Esq. 

Rev. Prof. Sedgwick, 
F.G.S. 

C. Hullmandel, Esq. 


J. B. Williams, Esq., 
F.G.S. 
Mr. G. Scharf. 


The Authors. 


Col. Colby, by direction 
of the Lord Lieut. of 
Treland. 

John Purdue, Jun., Esq. 


Mr. R. Palmer. 
The Master-General and 
Board of Ordnance. 


C. Moxon, Esq. 
R. I. Murchison, Esq., 
Pres. G.S. 


John Evans, Esq. 


Capt. de Gineste. 

Dr. Forchammer, For. 
Mem. G.S. 

The Royal Commission 
of Public Works of 
Bavaria. 

Capt. Beaufort, by di- 
rection of the Lords 
Commissioners. 

Col. Colby, by direction 
of the Lord Lieut. of 
Ireland. 


Inst of Donations. 


III. Donations to the Cabinet of Minerals. 


1841. SPECIMENS. 
July. A Collection of Mammalian Remains from Perim Island. 
Fossils from the Oxford Clay of Wiltshire. 
Aug. 31. Fossils from the Forest Marble and Fuller’s Earth, near Bath. 
Fossils from the Freshwater beds, Isle of Wight. 
Fossils from Port Philip, Australia. 


Fossils from the Silurian Series of Shropshire, &c. 

Palatal Teeth of Fishes from Armagh. 

A collection of Silurian Fossils from Pyrton and Tortworth, Gloucester- 
shire. 

Nov. 3. Ammonites from the Oxford Clay between Wootton Bassett and 
Chippenham; Specimens of Pachyodon ; and Palatal Teeth of Acrodus 
from the Lias. 

A Specimen of Kelloways Sandstone from the neighbourhood of Oaksey, 
Wiltshire. 
Fossils from the upper Carboniferous Limestone-shales, near Glasgow. 

Nov. 17. Ammonites from the Lias Clay, near Cheltenham. 


Cast of a Cranium of Rhynchosaurus, from the New Red Sandstone near 
Shrewsbury. 
Nov. 30. Ammonites and Belemnites from the Oxford Clay near Christian 
Malford, and a Geode from the Red Marl, Clevedon, Somersetshire. 
Slabs of Hutton Roof-Stone, exhibiting vermicular impressions. 
Specimens from the North-West Coast of Australia. 
A Trochus, from the Lower Green Sand, near Maidstone. 
Dec. Crinoidal Remains from the Mountain Limestone, near Preston. 
Fossils from the Lias of Gloucestershire. 


1842. 
Jan. Fossil Plants from the Plastic Clay, Bournemouth, Hants. 
Remains of the Bear and other Mammalia, from the raised beach, Plymouth. 
Specimens from the drift near the raised beach, Plymouth. 
Jan. 8 and 30. Psammodus porosus and other fossils, from the Mountain 
Limestone near Kendal. 
Jan. 17. A Collection of Specimens from Java. 
Jan. 30. Fossils from the Cliffs beyond the north-west bend of the Murray, 
Southern Australia. 
Feb. 2. Specimens from Heligoland. 
Fossils from the Inferior Oolite of Burton, near Bridport. 


Feb. 21. Specimens of Ammonites and Pecten equivalvis, from Ilminster. 
Feb. 23. Casts of Crinoidea and Trilobites from Dudley. 
Remains of Crustacea from Lyme Regis. 
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Captain Fuljames. 
S. P. Pratt, Esq., F.G.S. 
James Smith, Esq.,F.G.S. 
Richard Owen, Esq., 
F.G.S. 
Dr. Fitton, V.P.G.S. 
Capt. Jones, M.P., F.G.S. 
Thomas Weaver, Esq., 
F.G.S. 


S. Stutchbury, Esq. 
E.G.S. 


Charles Richardson, Esq. 

John Purdue, jun., Esq. 

R. B. Grantham, Esq. 
F.G.S. : 


Mr. Jas. Tennant, F.G.S. 


Mr. Rich. 


J. Rolfe,Jun., Esq.,F.G.S. 


Capt. Wickham, R.N. 

C. W. Martin, Esq., M.P. 

Wm. Gilbertson, Esq. 

H. E. Strickland, Esq., 
F.G.S. 


Rev. P.B. Brodie, F.G.S. 

Thomas Gill, Esq., M.P. 

Dr. E. Moore. 

Daniel Sharpe, Esq., 
F.G.S. 

Jonathan Rigg, Esq. 


Capt. Grey. 

G. M. Stephen, Esq. 

E. H. Bunbury, Esq., 
Sec. G.S. 

C. Moore, Esq. 

John Gray, Esq. 

EarlofEnniskillen,F.G.S. 
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32 List of Donations. 


1841. SPECIMENS. | DONORS. 
March. Specimens from the Islands of the Southern Pacific, between 
Easter Island and New Caledonia. W. C. Cunningham, Esq. 
A Group of three Basaltic Columns from the Giants’ Causeway. John Wiggins, Esq., 
F.G.S. 
March 22. Three Models of Fossils, described in Prof. Owen's Report on 
British Fossil Reptiles. Mr. Jas. Tennant, F.G.S. 
April. Specimens collected at Bermuda, by Vice Admiral Sir Charles Capt.Beaufort, by order of 
Adam. the Lords Commissi- 
oners of the Admiralty. 
Fossils from the Mountain Limestone of Whatley, Somerset, the Oolite of Miss Benett, of Norton 
Tisbury, &c. House. 
A polished Agate. Dr. A. R. Sutherland, 
E.G.S. 
Graptolites from the neighbourhood of Christiania. G. W. Norman, Esq., 
F.G.S. 
Fossils from the Lias at Fontaine Etoupefour, near Caen. A. Majendie, Esq., F.G.S. 
Shells of Recent Species from the upraised beds at Uddevalla, and a E. H. Bunbury, Esq. 
vertebra of an Ichthyolite from the lower chalk, Maidstone. Sec. G.S. 
May. Fossil Corals from Paros. Capt. Greaves, R.N. 
May 4. Fossils from South Australia. Lieut.-Col. Gawler. 
Graptolites from Ireland. Capt. Portlock, F.G.S. 
Fossils from the Mountain Limestone, Ireland. W. J. Henwood, Esq., 
F.G.S. 
May 30. Crystals of Greenockite from near Bishopton, Renfrewshire. Lieut.-Gen. Lord Gree- 
nock, F.G.S. 
June 1. Geological Specimens from Jersey. H. C.White, Esq., F.G.S. 
Casts from Specimens of Sandstone discovered at Bajntz in Transylvania, Rev. Prof. Buckland, 
and of the Footsteps of Testudo Mydas. D.D., F.G.S. 
Specimen of Stromatopora concentrica. W. V. Guise, Esq.,F.G.S. 
Fossils from the Greensand of Farringdon, and the Great Oolite of Cain’s Miss Benett, of Norton 
Cross, Gloucestershire ; and specimens of Apiocrinites rotundus. House. 
Crania from the Chalk of the Baltic. Rey. W. Bilton, F.G.S. 
Specimen of Lithodendron from Lough Gill, County Sligo. EarlofEnniskillen,F.G.S. 


June 29. Specimens of Anthracite and Bituminous Coals; Iron, Copper, 
and Lead Ores; Fluviatile Shells., &c., from Pennsylvania and Cuba. __R.C. Taylor, Esq., F.G.S. 
Specimens from the Inferior Oolite, Leckhampton Hill, &c. W. V.Guise, Esq., F.G.S. 


IV. Miscellaneous. 


Aug. Model, coloured Geologically, of part of the Swiss Jura, by M. Prof. Agassiz, For. Mem. 
Gressly. G.S. 


PLATES AND MAPS 


IN ILLUSTRATION 


OF 


VOLUME VI. 


SECOND SERIES, 


OF 


THE TRANSACTIONS 


OF 


THE GEOLOGICAL SOCIETY 


OF LONDON. 


LONDON: 


PRINTED BY R. AND J. E. TAYLOR, RED LION COURT, FLEET STREET. 


SOLD AT THE APARTMENTS OF THE GEOLOGICAL SOCIETY, 
SOMERSET HOUSE. 


1842. 
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EXPLANATION OF THE PLATES AND WOODCUTS. 


PLATES I., II., and III. 


Illustrate the memoir by Mr, Hamilton and Mr. Strickland on the Geology of the Western 
Part of Asia Minor: p. 1 to 39. 


Puate I. 


Outline Map of the Western Portion of Asia Minor, with the lines of Section given in 
Plate III. 


Puate II. 
Geological Map of the Catacecaumene. 
Puate III. 
Sections and Views in Asia Minor. 
WOODCUTS. 


Section of the horizontal Tertiary Marine Deposits of the N.E. end of the Isle of Rhodes, 
resting on inclined beds of blue marble: p. 14. 
Section of Columnar Basalt of the first period on the north side of the Hermus: p. 28. 


PLATE IV. 


Illustrates Mr. Owen’s paper on Fossil Remains of the Cheropotamus, Paleotherium, Anoplo- 
therium, &c., from the Isle of Wight: p. 41 to 45. 

Fig. 1. Right ramus of the lower jaw of the Cheropotamus Cuvieri from the Binstead Quarry, 
Isle of Wight, viewed from above. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


Fig. 1a. The same ramus of the lower jaw, viewed from the outer side. The figures of the 
crown of the canine and second false molar are given in outline from the fragment of the 
lower jaw described by Cuvier. 

Fig. 2. Symphysis of the lower jaw of Cheropotamus Cuvieri. 

Fig. 3. 3a. The right side of the upper jaw of the Cheropotamus Cuvieri from Montmartre, 
figured in the ‘ Ossemens Fossiles,’ edit. 4, 8vo, 1835. pl. cxlix. fig. 1. 

It has been deemed advisable to reproduce these figures in order to dissipate the doubts 
which have been expressed* as to whether this upper jaw actually belonged, as Cuvier 
believed, to the same animal as the fragment of the lower jaw figured by Cuvier. 

Fig. 4. Grinding surface of the first upper molar, left side, of the Anoplotherium secundarium 
(Cuvier). 

Fig. 5. External and internal side-view of the right upper canine of the Anoplotherium com- 
mune, Cuv. 

Fig. 6. Grinding surface of the penultimate molar of the upper jaw of Paleotherium me- 
dium, Cuv. 

Fig. 7. Outer and inner view of an incompletely developed crown of the penultimate molar of 
the lower jaw of Paleotherium crassum, Cuv. 


PLATES V. and VI. 


Illustrate Mr. Owen’s memoir on the Thylacotherium and Phascolotherium: p. 47 to 65. 


Puate V. 


Fig. 1. Inside view of the left ramus of the lower jaw of the Thylacotherium Prevostii, Val. 
The outline figure represents the jaw of the natural size. 
ig. 2. The corresponding view of the left ramus of the lower jaw of the Myrmecobdius fas- 
ciatus, Waterhouse. 
The outline figure represents the jaw of the natural size. 
Fig. 3. Inside view of the left ramus of the lower jaw of the Thylacotherium Prevostii, Val. 
The outline figure represents the jaw of the natural size. 
It is the original Stonesfield fossil examined by Cuvier, and figured by M. Prevost, 
‘ Annales des Sciences Nat.,’ Avril 1825, pl. xviii., and by Dr. Buckland, ‘ Bridgewater 
Treatise,’ i. pl. i. fig. B. 
In each figure a indicates the condyle or condyloid process ; 6, the coronoid process ; 
c, the angle or angular process; d, the inferior longitudinal groove; e, the symphysis of 
the jaw. 


Puate VI. 


Fig. 1. Inside view of the left ramus of the lower jaw of the Thylacotherium Broderipii. 
The outline figure represents the jaw of the natural size. 


* See the ‘ Paleologice’ of H. von Meyer, p. 53. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


This figure is taken from the specimen presented by the Rey. H. Sykes to the Museum 
of the Philosophical Institution of York, where it is now preserved. The opportunity of 
describing and figuring this interesting specimen was afforded me, subsequently to the 
communication of the papers on the Thylacotherium Prevostii and Phascolotherium Buck- 
landi (pp. 45 and 57), by my friend Prof. Phillips, to whom I beg to return my best 
acknowledgments. This specimen, which, like the others, is from the oolitic slate of 
Stonesfield, is more perfect in regard to the teeth than either of the above-described jaws 
of the smaller species of Thylacotherium. That it belongs to this genus is proved by the 
number of teeth, and there is a close correspondence in the form of the jaw ; but the dif- 
ference of size is greater than has been observed in mature individuals of the same species 
of Placental or Marsupial Insectivores. I therefore indicate the species which this fossil 
represents under the name of Thylacotherium Broderipii, in honour of the geologist and 
naturalist to whom we are indebted for the first description and figure of the Stonesfield 
mammiferous remains. 

In this, as in the two preceding instances, it is the left ramus of the lower jaw which 
offers its inner surface to the observer : it presents at its anterior part the sockets of three 
incisors and one canine, of small and nearly equal size, each having a simple fang ; then fol- 
low the empty sockets of three small false molars, each with two fangs; to these succeed 
three large false molars, in place, each having two fangs protruded to a certain extent from 
their sockets, and fixed by the adherent matrix in that position, which proves that they 
were not anchylosed to the osseous substance : these teeth became loosened and displaced 
doubtless after decomposition of the soft parts; and the anterior teeth, which are missing, 
were probably lost from the same cause, before the jaw was finally encased in the oolite. 
There is a small anterior as well as posterior tubercle at the base of the large middle cusp 
or cone, in each of the three premolars which are in place: the middle cusp of the pos- 
terior one is fractured: there is a slight ridge along the inner side of its base in that 
tooth, indicating the transition to the true molar series. The first true molar is wanting ; 
the next four present the inner surface of their crowns in a perfect and uninjured state: 
the large middle cusp has a smaller one at the anterior and posterior part of its base ; 
this is traversed by a strong ridge along the inner side, which supports three small cusps ; 
one of these rises at the middle of the base of the large external cusp, and the other two 
form the anterior and posterior extremities of the crown of the tooth. This form of grinder 
resembles that of the Phascolotherium, except in the presence of the middle internal cusp, 
more than that of the molars of the true Didelphys. The condyloid and coronoid pro- 
cesses have both left their impressions on the matrix: the angle of the jaw is fractured: 
there is the same shallow, wide and smooth groove near the lower margin of the jaw, and 
the same notch in the symphysis. 

Fig. 2. Inside view of the right ramus of the lower jaw of Phascolothertum Buckland ; 
from the specimen in the British Museum. Didelphys Bucklandi: Broderip, ‘ Zoological 
Journal,’ vol. iii. p. 408, pl. xi.; Buckland’s ‘ Bridgewater Treatise,’ pl. il. a. 

The outline figure represents the jaw of the natural size. 

In both the figures a indicates the condyle; 0, the coronoid process; ¢, the angular 
process of the jaw; d, the inferior longitudinal groove. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


PLATES VII., VIII. and IX. 


Illustrate Mr. Owen’s memoir on Zeuglodon cetoides: p. 69 to 79. 


Puate VII. 


A fragment of the upper jaw of the Zeuglodon cetoides, showing three of the complex two- 
fanged molars im situ, and part of the alveolus of a fourth: the form and depth of im- 


plantation of the fang is shown at the fractured surface, at the opposite extremity of the 
fragment. 


Puate VIII. 


Fig. 1. A transverse horizontal section of the middle of the crown of one of the double-fanged 
molars of the Zeuglodon. 

Fig. 2. A similar section through both fangs of the same molar, taken two inches below the 
preceding. 

Fig. 3. A similar section of the crown of the posterior molar of the Dugong. 

Fig. 4. Ditto, ditto, of an anterior molar of the Manatee. 

Fig. 5. A transverse section of one of the ribs of the Zeuglodon, showing the form of its prin- 
cipal component layers. 

Fig. 6. A caudal vertebra of the Zeuglodon, on the scale of six inches to a foot. 


Puate IX, 


Two views of the humerus of the Zeuglodon, on the scale of six inches to a foot. 


PLATES X., XI., XII. and XIII. 


Illustrate Mr. Owen’s paper on Glyptodon clavipes: p. 81 to 106. 


Piate X. 


Generic characters of the Glyptodon: 
Fig. 1. Side-view of a molar tooth: p. 86. 
Fig. 2. Grinding surface of ditto (both of the natural size). 
Fig. 3. Outside view of the left hind-foot, wanting the small external and internal toes (two- 
thirds natural size). 
as. Astragalus: p. 90. 
c. Calcaneum: p. 91. 
sc. Scaphoides: p. 92. 
cn. External cuneiform bone: p. 92. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


cb. Cuboides: p. 93. 

m. Metatarsals: p. 93. 

1. First or proximal phalanx: p. 94. 

2. Second or middle phalanx: p. 94. 

3. Third, distal, or unguial phalanx: p. 95. 


PuateE XI. 


Figs. 1 and 2. Os scaphoides (two-thirds natural size). 
a, Articular surface for the astragalus. 
6, Descending process. 
c, Articular surface for the external cuneiform. 
d, Ditto, ditto, middle cuneiform. 
e, Ditto, ditto, internal cuneiform. 
Figs. 3 to 5. Astragalus (two-thirds natural size): p. 90. 
a, Articular. surface for the scaphoides: p. 91. 
: 6 and c, Articular surfaces for the calcaneum. 
Fig. 6. Os cuboides (two-thirds natural size). 


Puate XII. 
Fig. 1. The three phalangeal bones of the second toe. 
Fig. 2. Distal articular surface of the proximal phalanx of the same toe. 
Fig. 3. Ditto, second phalanx of ditto. 
Fig. 4. Distal articular surface of the middle phalanx of the third toe. 
Fig. 5. Proximal articular surface of the unguial phalanx of the second toe. 
Fig. 6. Under surface of the unguial phalanx of the third toe. 


(All the above bones are parts of the left hind-foot, and are represented of the natural 
size.) 


Pruate XIII. 


Fig. 1. Modifications of the pelvis and spine of the Dasypus tricinctus, in relation to the sup- 
port of the bony dermal covering (natural size): p. 98. 
a, Spinous process of the lumbar vertebra. 
6, Transverse process of ditto. 
cc, Sacrum. 
d, Ilium. 
e, Ischium. 
J; Pubis. 
g, Acetabulum. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


Fig. 2. A lumbar vertebra of the same species of Armadillo, with the contour of the part of 
the carapace which it supports (natural size) : p. 100. 
a, Spinous process. 
b b, Transverse processes. 
Fig. 3. A corresponding lumbar vertebra of the Megatherium (one-fourth natural size) : p. 101. 
a, Spinous process. 
b b, Transverse processes. 
Fig. 4. Upper surface of the calcaneum: p. 91. 
Fig. 5. Anterior surface of ditto (two-thirds natural size): p. 91. 


PLATES XIV. and XV. 


Map and Sections to illustrate Mr. Sharpe’s memoir on the Geology of the neighbourhood of 
Lisbon: p. 107 to 133. 


PLATE XVI. 


Fossil Shells from the modern Deposits near Quebec; to illustrate Mr. Lyell’s Memoir on 
some Fossil and Recent Shells collected by Captain Bayfield, R.N., in Canada: p. 135 
to 151. For a list of the shells figured, see p. 151. 


WOODCUT. 


Section in Bornholm to illustrate Dr. Forchhammer’s account of changes which have taken 
place in Denmark during the present period: p. 157 to 160. 


WOODCUTS 


To illustrate Mr. Bowerbank’s paper on the London and Plastic Clay Formations of the Isle 
of Wight: p. 170. 

Section of White Cliff Bay: p. 171. 

Section in Alum Bay, copied from Mr. Webster’s drawing, vol. ii. first series: p. 172. 


PLATE XVII. 


Illustrates Mr. Hawkshaw’s description of the Fossil Trees found at Dixon Fold on the line of 
the Manchester and Bolton Railway: p. 173 to 176. 
Figs. 1 to 5. Are reduced from drawings made under Mr. Hawkshaw’s inspection, and repre- 


Fig. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


sent the relative position of the trees with respect to the horizontal level, but not the pro- 
portional distance of the different trees. 
6. Section of the strata overlying the trees. 


PLATES XVIII. and XIX. 


Illustrate Mr. Bowerbank’s paper on the Siliceous Bodies of the Chalk, Greensands and 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
Fig. 


Fig. 


Oolites: p. 181 to 194. 


Puate XVIII. 


Cuatk Fuinvs. 


1. A view of part of a section of a nodular chalk flint from Gravesend, Kent, exhibiting 
the spongeous tissue in its most perfect form, seen as an opaque object with a leiberkuhn 
and a power of 120 linear. 

2. Represents the minute tubular sponge-fibres on the surface of a flint-cast of a Galerite, 
at the depression opposite the marginal orifice of the base of the shell, seen as an opaque 
object by direct light with a power of 120 linear. 

3. Spicula on the interior surface of a Wiltshire chalk flint, seen as an opaque object by 
direct light with a power of 35 linear. 

4, Some of the largest of the spicula from the interior of a chalk-flint from Wiltshire, 
which contained several species of sponges and corals, seen as opaque objects by direct 
light with a power of 35 linear. 


PLATE XIX. 
GREENSAND CHERTs. 


1. Sponge-fibres and spicula in the Upper Greensand Chert from Fovant, Wilts, viewed 
as an opaque object with a leiberkuhn and power of 50 linear. 

2. Sponge-fibres in the Greensand Chert from Lyme Regis, Dorsetshire, viewed as an 
opaque object with a leiberkuhn and power of 50 linear. 

3. A fibre in the specimen from which fig. 3 was drawn, seen as a transparent object with 
a power of 50 linear, exhibiting the flocculent appearance of the surface of the tissue when 
viewed by transmitted light. 


WOODCUT. 


Section to illustrate Mr. Bowman’s notes on a patch of Silurian rocks on the northern coast 


of Denbighshire: p. 195. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


PLATE XX. 


Illustrates Mr. Owen’s memoir on some of the soft parts of the Hind-Fin of the Ichthyosaurus, 
indicating the shape of the fin when recent: p. 199. 


PLATE XXII. 


Illustrates Mr. Owen’s paper on the Hyracotherium leporinum (p. 203-206) and Lithornis 
vulturinus (p. 206-208). For descriptions of the figures, see pp. 206 and 208. 


PLATE XXII. 


Illustrates Mr. Owen’s account of some Ophidiolites (Paleophis toliapicus) from the London 
Clay: p. 209. 
fig. 1. A group of vertebre and ribs of the Paleophis toliapicus, from the London Clay, 
Sheppey: in the Hunterian Museum. 
Fig. 2. A chain of vertebre thirteen inches and a half in length, of the same species, from 
the same formation and locality: in the museum of Mr. Bowerbank. 
Fig. 3. A group of six vertebra, of the same species, from the same formation and locality : 
in the museum of Mr. Bowerbank. 
Fig. 4. Side-view of a vertebra of the Paleophis toliapicus. 
Fig. 4a. Side-view of a corresponding vertebra of the Python tigris, from a specimen nine feet 
in length. 
Fig. 5. Anterior view of a vertebra of the Paleophis toliapicus. 
Fig. 5a. Anterior view of a corresponding vertebra of the Python tigris. 
Fig. 6. Under view of the vertebra of the Paleophis toliapicus. 
The same letters indicate the same parts in each figure. 
a. The concave anterior articular surface of the body of the vertebra. 
b. The convex posterior articular surface. 
c. The articular tubercle for the head of the rib. 
d. The anterior articular surfaces of the oblique and transverse processes forming the 
‘ tenon’ joint, in which the ‘ mortise’ e at the posterior part of the neurapophysis is 
infixed. 
e. The spinous process. 
All the figures are of the natural size. 


WOODCUTS 


To illustrate Mr. Buddle’s paper on the Great Fault, called the Horse, in the Forest of Dean: 
p- 215. 

Section of the drift through the Horse Fault and of the beds on each side of it: p. 216. 

Plan of the Horse Fault and of the irregularities in the surface of the coal-seam on each side 
of the Fault: p. 217. 


EXPLANATION OF THE PLATES AND WOODCUTS. 
PLATES XXIII. and XXIV., also XXV. to XXXVIII. 


Illustrate the memoir of Prof. Sedgwick and Mr. Murchison on the distribution and classifi- 


Fig. 
Fig. 


cation of the Palzozoic deposits of the north of Germany and Belgium: p. 221. 


Pirate XXIII. 


1. General succession of ancient rocks in the Rhenish provinces and Germany. 
2. Section from the coal-field of Westphalia near Kettwig, to the carboniferous limestone 
east of Ratingen: p. 228 et seq. 


Fig. 3. Section across the Devonian limestones at Schwelm, to show their dislocations and pass- 


age into the inferior strata: p. 228 et seq., also p. 235 et seg. and p. 256 et seq. 


Fig. 4. Section from the greensand at Dortmiind to the mountains south of Iserlohn, exhibiting 


Fig. 


the succession from the coal-measures to the Silurian rocks. This section afforded the 
authors the correct order of formations in the Rhenish provinces. The beds (a) repre- 
sent the ordinary coal-field ; (4) lower grits belonging to the same series ; (c) unproductive 
coal-measures, equivalents of the culm-measures of Devonshire; (d) the carboniferous 
limestone occupying the same position as in Devonshire; (e) shale and psammite, con- 
stituting the uppermost strata of the Devonian system; (f) Devonian limestone; (g) De- 
vonian schist and shale; (f and 7) Silurian greywacke: p. 228 e¢ seg., likewise p. 256 
et seq. 

5. Section across the limestone strata of Paffrath, Gladbach and Bensberg, near Cologne, 
exhibiting an inversion of the deposits. The black limestone (/) is identical in aspect 
and fossils with that in figure 4, but the apparently overlying beds represent the lowest 
limestones of the Eifel, which constitute a passage into the Silurian system: p. 241. 


Fig.6. This section gives the general succession of strata near Dillenburg, the trap rocks being 


Fig. 


Fig. 


Fig. 


Fig. 


omitted to preserve the true sequence of the stratified series of deposits. The prevalent 
dip is to the S8.S.E.: p. 244 et seq., also p. 253 et seg., and p. 256 et seq. 

7. Actual transverse section across a portion of the country east of Dillenburg, to exhibit 
the obscurity produced in the regular sequence of deposits (shown in section 6) by fre- 
quent outbursts of trap and repeated alternations of schaalstein or a contemporary igneous 
rock: p. 244 et seg. and p. 253 ef seq., likewise p. 256 et seq. 

8. Section from Herborn (south of Dillenburg) through Greifenstein to Daulbsen. The 
strata near Herborn have been proved by their fossils to be supra-Devonian, and those at 
Greifenstein are inferred to be upper Silurian, as they contain Pentamerus Knighiii. 
Great dislocations, not visible on the surface, are supposed to occur between Thalesbach 
and Greifenstein: p. 244 et seg., also p. 256 et seq. 

9. Section from the Devonian limestone at Limburg, on the Lahn, through the Taunus, 
to Konigstein near Frankfort. It demonstrates that the sedimentary strata (greatly in- 
verted) constitute only a crust of moderate thickness, resting on a mass of igneous pro- 
ducts, which at many points have penetrated to the surface, and at others have altered 
the incumbent rocks ; they likewise appear to be the origin of the various mineral waters 
of Nassau: p. 244 et seq., also p. 280 et seq. 

10. Relative positions of the Devonian and Silurian strata at Sotenich, in the district 
of the Eifel: p. 267 et seq. 
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Fig. 


Fig. 


Fig. 
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11. Section from Dietz on the Lahn to the Rhine, south of Coblentz. It exhibits the rise 
from beneath the Devonian limestone of a great slaty series, and from beneath these de- 
posits of Silurian greywacke : p. 244 ef seq. 

12. General section of the Ardennes, to show the relations of the Eifel on one flank and 
of the Liége country on the other to a central axis of older slaty rocks. 

The youngest deposit in the Hifel is the equivalent of the South Devon limestone, and 
it passes into Silurian greywacke. On the Belgian side of the Ardennes the strata are 
frequently inverted, as pointed out by M. Dumont in his work on the province of Liége, 
and as represented in this section, fig. 12: p. 261 and p. 267 et seq. 

13. Actual section across a portion of the Eifel district, much invaded by volcanic erup- 
tions. The same sequence of the strata as in the preceding sections may nevertheless be 
detected: p. 261 and p. 267 et seq. 

14. Section from the Ardennes on the N.N.W. of the Schnee Eifel to the country on the 
S.S.E. of Schénecken. It exhibits a considerable thickness of fossiliferous Silurian grey- 
wacke, passing upwards by alternations of shale and calcareous strata into limestone of 
the age of that of South Devon. The uppermost mass of limestone is the dolomite so 
prevalent in the Eifel and well displayed near Schonecken. Near the latter is a strongly 
marked line of fracture: p. 267 ef seq. 


Figs. 15. and 16. These sections represent the structure of the country south of the Fichtel- 


gebirge in Upper Franconia: p. 298 e¢ seq. 

The first (fig. 15.) proves that the age of the chief limestone of that district (the oldest 
fossiliferous beds of Count Munster) is the same as that of the Devonian limestones, for 
it passes upwards into deposits containing mountain limestone fossils: p. 298. 

The second section (fig. 16.) shows that the limestones of Elbersreuth and Schubel- 
hammer (so celebrated for their organic remains) are members of the Devonian system, 
but affected by eruptions of trap, and greatly dislocated: p. 300. 


Figs. 17. and 18. are sections through districts connected with the Hartz. 


The first (fig. 17.) presents a general section from the Brocken to the plains of Bruns- 
wick, but many local details and faults are omitted. Its chief object is to exhibit an axis 
of Devonian limestone, much altered by intrusive porphyry, and overlaid on each flank by 
shale and impure limestone, highly charged with iron ore, as well as associated with 
numerous bands of bedded, contemporaneous trap ; there is also a large development of 
schaalstein. The shales and schists in contact with the granites of the Brocken and the 
Rosstrappe are much altered and inverted, and portions have been severed and carried 
up on the points of eruption. All the secondary strata, from the bunter sandstein to the 
chalk inclusive, have been also thrown into vertical or inverted positions: pp. 284, 292. 

Fig. 18. exhibits an ascending section from the Devonian limestone of Hiibigenstein 
and Griind, to the overlying mining tract of Clausthal: p. 288. 


PuLatEe XXIV. 


Map of the Rhenish provinces reduced from the great map of Hoffmann as improved by many 


recent observations of Prof. von Dechen and M. Erbreich, and communicated to the au- 
thors by the former. The palzeozoic rocks are coloured according to the classification of 


EXPLANATION OF THE PLATES AND WOODCUTS. 


the authors; and the map is chiefly intended to indicate approximately the relations of 
the great subdivisions of the older sedimentary deposits: p. 227 et seq. 


PLATES XXV. to XXXVIILI. 


The description of these Plates of Fossils illustrative of the Devonian and Silurian strata of the 
Rhenish provinces is given in the Memoir of Viscount d’Archiac and M. de Verneuil, 
and in the notice of their contents in a subsequent page of the explanation. 


WOODCUTS. 


Fig. 1. Section near Arnsberg in Westphalia. An axis of carboniferous black limestone and 
Kiesel-schiefer, representatives of the culm limestone and flinty slate of Devonshire, is 
shown to be succeeded on each flank by the lower unproductive coal-measures, undistin- 
guishable from those of Bideford: p. 233. 

Fig. 2. Section of the general relations of the strata north and south of Brilon, exhibiting the 
disturbances produced by the igneous rocks: p. 239. 

Fig. 3. This section presents the connexion of the limestone, iron-ore and schist, with por- 
phyry, at Carpenheim, near Wetzlar, on the left bank of the Lahn: p. 250. 

Figs. 4 and 5. Sections of the schaalstein and associated strata near Miinchen-Miihle and Ar- 
furth: p. 251. 

Fig. 6. Exhibits the manner in which the fossiliferous strata have been detached from the 
original position by porphyry, near Bilstein: p. 264. 

Fig. 7. This section, from near the mouth of the Lahn, presents an instance of wedge-shaped 
masses of sandstone associated with slates, the whole mass being dislocated and highly in- 
clined: p. 265. 

Fig. 8. Section of the contorted and disturbed Silurian strata at Ehrenbreitstein: p. 265. 

Fig. 9. Section opposite Braideburg of contorted beds of arenaceous and slaty greywacke, 
covered in part, obliquely, by another series of slaty beds of the same age: p. 266. 

Fig. 10a, 6. Diagrams to illustrate the nature of upright and inclined basins. Fig. 10a. exhi- 
bits an upright basin, in which a line drawr from near the centre, through the point of 
greatest curvature, falls within the area of the basin. Fig. 104. is an inclined basin, in 
which a similarly drawn line falls without the area of the basin: p. 268. 

Fig. 11. A species of Homalonotus resembling H. Knightii: p. 275. 

Fig. 12. Section from Weingarten to Minster Eifel, exhibiting a regular sequence at one ex- 
tremity, and an apparent, but inverted, succession at the other: p. 277. 

Fig. 13. Section of the celebrated fossiliferous strata of Gerolstein, and of their dislocations. 
The organic remains are, for the most part, procured from the bands of limestone and 
shale between the dolomite and the Silurian flagstones with Homalonoti: p. 278. 

Figs. 14 and 15. Sections in the Hartz: p. 286. 

Fig. 14. Inverted and fragmentary condition of Devonian and Silurian strata near 
Goslar, north of the Brocken: p. 286. 
Fig. 15. Section from the greywacke of Netzberg to the bunter sandstein of Nordhau- 


sen, with interpolated masses of quarzfreier porphyr: p. 286. 
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Fig. 16. Section of the slate quarries of Nordberg near Goslar. In this cut are represented the 
independence of bedding, cleavage and joints. The undulating lines indicate the bedding, 
the oblique the cleavage, and the horizontal the peculiar joints or floors. At the junction 
with the flanking masses of trap the slate is much altered: p 290. 


PLATES XXV. to XXXVII. 


Illustrate the description of the Devonian fossils of the Rhenish provinces, &c., by Viscount 
*Archiac and M. de Verneuil: p. 303. 


Puate XXV. 
Fig.1,a,6. Goniatites Neeggerathii: p.337. Fig. 6, a, 6. Goniatites cancellatus: p. 339. 
Fig. 2, a,b. ————— retrorsus: p. 338. Fig. 7, 4, 6. ———— Heeninghausii: p. 339. 
Fig. 3. ——— id. jun. Fig. 8, a, 6. ————— paucistriatus: p.339. 
Fig.4,5. .————— id. var. a and b: p.338. 

Prats XXVI. 
Fig.1,a, 6. Goniatites Buchii: p. 340. Fig.6,a. Goniatites incertus: p. 342. 
Fig.2,a. ._————— ib. var. p. 340. Fig.7, 0,6. ———— tenuistriatus: p. 343. 
Fig. 3, a,b. ————— costulatus: p. 341. Fig.8,a. ———— id. jun. 


Fig. 4, a,b. —-——— tuberculosus: p. 342. Fig.9. Aptychus vetustus: p. 343. 
Fig.5,a. |. ————— latestriatus: p. 341. 


Puate XXVII. 


Fig.1,a. Orthoceratites triangularis: p. 347. Fig.4. Orthoceratites gracilis: p. 344. 
Fig.2. —-+—— regularis: p. 344. Fig. 5, a. 


striolatus: p. 345. 


Fig.3. —— Wissenbachii: p.345. Fig.6. —— anguliferus: p. 346. 
Puate XXVIII. 
Fig.1,a. Orthoceratites Dannenbergi : Fig. 4, a, b. Cyrthoceratites lamellosus: p.348. 
p- 345. Fig. 5, a, 6. — ornatus: p. 349. 
Fig.2,a.. ———— subfusiformis : Fig. 6. Bellerophon striatus: p. 353. 
p- 347. Fig. 7, a, 6. —— Murchisonii: p. 353. 
Fig.3,a._ ————————. subpyriformis : Fig. 8. —— id. var.: p. 353. 
p- 347. Fig. 9. ———_—— tuberculatus: p.353. 
Prats XXIX. 
Fig.1,a. Cyrthoceratites depressus: p. 350. Fig. 4, a, 6, c. Conularia Gervillii: p. 351. 
Fig.2,a. Bellerophon elegans: p. 354. Fig. 5, a. ornata: p. 352. 


Fig.3. Conularia Gervillu: p. 351. 
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PLaTE XXX. 


Fig.1, 4. Phragmoceratites subventricosus : Fig. 2, a. Cyrthoceratites lineatus: p. 351. 
p- 351. Fig.3,a. Orthoceratites, siphon? p. 348. 


Puate XXXI. 


Fig.1,a. Goniatites costatus: p. 340. Fig. 5, a. Conularia Gerolsteinensis : 
Fig. 2, a, 6. Cyrthoceratites Eifelensis: p.349. p- 352. 

Fig. 3, a. tetragonus: p.351. Fig. 6, a, b,c. ————— Brongniarti: p. 352. 
Fig.4,a. Orthoceratites nodulosus: p.347. 


Piate XXXII. 


Fig.1. Buccinum arculatum: p. 354. Fig.12. | Murchisonia binodosa: p. 357. 
Fig.2. ————— Schlotheimii: p. 355. Fig. 13, a. ——————- tricincta: p.358. 
Fig. 3. Murchisonia coronata: p. 355. Fig. 14, a. Turbo squamiferus: p. 358. 
Fig.4. —————— intermedia: p. 356. Fig. 15, a. Monodonta purpurea: p. 358. 
Fig.5. —————— id. var. a.: p. 356. Fig.16. Trochus Ivanii: p. 359. 
Fig.6. ————_——— angulata: p. 356. Fig.17,a. Pleurotomaria catenulata: p. 359. 
Fig.7.. —————— id. var. a.: p. 356, Fig. 18, a. Orbignyana: p.359. 
Fig.8. ——————— bilineata: p. 356. Fig. 19, a. id. var. a.: p.359. 
Fig.9. ——-————— bigranulosa: p. 357. Fig. 20, a. ————-——._ id. var. b.: p.359. 
Fig. 10. —————— id. var. a.: p. 357. Fig. 21, a. —————_—— Lonsdalii: p. 359. 
Fig. 11. —————— id. var. 6.: p. 357. Fig. 22, a, ——-————— Defrancii: p. 360. 
Puate XXXIII. 


Fig.1,a. PleurotomariaBeaumonti:p.361. Fig.6,a,6. Kuomphalus Labadyei: p. 362. 
Fig. 2. limbata: p. 361. Fig.7,@ ————— planorbis: p. 363. 
Fig.3,a,6,c. ———— elegans: p. 360. Fig.8,a. .———— levis: p.363. 
Fig. 4. —_————— delphinuloides : Fig. 9, a,b. —— Serpula: p. 363. 


p- 361. Fig.10,a. —————— trigonalis: p. 364. 
Fig.4,a. ——_-—— id. var.: p.362. Fig.11,a. —— annulatus: p. 362, 
Fig. 5. —— exaltata: p. 361. 

Puate XXXIV. 

Fig.1,a. Euomphalus Goldfussii: p. 362. Fig. 6. Natica subcostata, var.: p. 366. 
Fig.2,a. id. junior: p. 362. Fig. 7, a, 6. Kuomphalus Schnurii: p. 364. 
Fig.3, a,b. Schizostoma radiata: p. 364. Fig. 8, a, 6. Schizostoma Puzosii: p. 365. 
Fig.4,a. Natica margaritifera: p. 366. Fig.9,a. Cirrus Leonhardi: p. 365. 


Fig.5,a. ©——- subcostata: p. 366. Fig.10,a. Pileopsis cassideus: p. 366. 
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Pirate XXXV. 
Fig.1,a,6. Terebratula caiqua: p. 367. Fig.5,a.  Strygocephalus dorsatus : p.369. 
Fig. 2, a, b,c. -—————. lepida: p. 368. Fig.6,a,6. Spirifer cheiropteryx: p. 370. 
Fig. 3, b. ———-- ferita: p. 368. Fig.7, 4. aperturatus: p. 369. 
Fig. 3, a. ————— id. var.: p. 368. Fig. 8, a. id. var.: p. 369. 
Fig.4,a,b6. _-————— Voltzii: p. 367. Fig.9,a,b,c. mediotextus: p. 370. 


Pirate XXXVI. 


Fig. 1. Orthis Sedgwicki: p. 371. Fig.9,a. | Cardium Villarense: p. 375. 
Fig. 2. Murchisoni: p. 371. Fig. 10, a. id, var.: p. 375. 

Fig. 3. subarachnoidea: p. 372. Fig.11,a. Megalodon concentricus: p.373. 
Fig.4,a. —— Lepis: p. 372. Fig.12,a. Cardium pectunculoides: p.375. 
Fig. 5, a, 6. minuta: p.372. Fig. 13. Pecten Hasbachii: p. 372. 

Fig. 6. Arca Michelini: p. 373. Fig. 14, a, 6. Cypricardia elongata: p. 374. 
Fig.7,a. Cardium aliforme: p. 374. Fig.15,a. Avicula Goldfussii: p. 373. 
Fig. 8, a, b. Lyellii: p. 375. 


Pirate XXXVII. 


Fig.1,a. Lucina proavia: p. 375. Fig.5,a. Solen pelagicus: p. 376. 

Fig. 2, a. Dufrenoyi: p. 375. Fig.6. Trigonia? sulcata (non Min. Con.): 
Fig.3,a. Pholadomya Munsteri: p. 376. p- 373. 

Fig.4,a. Solen Lustheidii: p. 376. Fig.7. | Ctenocrinus typus: p. 376. 


PLATE XXXVIII. 


Silurian Fossils, from the North of Germany and Rhenish provinces, described by Mr. J. de 
Carle Sowerby: p. 408. 


Fig.1,2. Pterinea lamellosa: p. 408. Fig.11. Orthis partita: p. 409. 
Fig. 3. costata: p. 408. Fig. 12. circularis: p. 409. 
Fig.4. Atrypa curvata: p. 408. Fig. 13. Leptzna profunda: p.409. 
Fig.5. Spirifer speciosus: p. 408. Fig.14,a,6,c,d,e. semiradiata: p.409. 
Fig. 6. micropterus: p. 408. Fig. 15. explanata: p.409. 
Fig.7. Orthis? strigosa: p. 409. Fig. 16, a, b,c. plicata: p. 410. 
Fig. 8. virgulata: p. 409. Fig..17. Homalonotus Knightii: p. 
Fig.9. — _ Pecten?: p. 409. 410. 

Fig. 10. obovata: p. 409. 
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PLATE XXXIX. 


Illustrates Mr. Owen’s memoir on remains of a Bird, a Tortoise, and Lizard from the Chalk of 
Kent and Cambridgeshire: p. 411-413. 

Fig. 1. Portion of the shaft of the humerus of a longipennate bird: p. 411. 

Fig. 1 a. Outline of its transverse section at the distal end: p. 411. 

Fig. 2. Distal extremity of the tibia of probably the same bird: p. 411. 

Fig. 3. Side-view of a portion of the lower jaw of the Lacertian reptile from the lower chalk 
near Cambridge: p. 413. 

Fig. 3 a. Under view of the same jaw: p. 413. 

Fig. 36. Upper view of part of the alveolar series, showing the circular section of the teeth a 
and 4, and the incomplete alveolus at c. The adjoining figure gives an internal view of 
the alveoli and their outer plate: p. 413. 

Fig. 4. The vertebral column of the Lacertian from the lower chalk in Kent: p. 412. 

Fig. 5. Portions of the Chelone Benstedi from the lower chalk in Kent: p. 412. 


PLATE XL. 


Map of part of South America to illustrate Mr. Darwin’s memoir on the distribution of the 
Erratic Boulders and on the contemporaneous unstratified deposits of South America: p.415. 


WOODCUTS, 


Fig. 1. Section of the strata composing the districts adjacent to the Santa Cruz river, lat. 50° 
10! south: p. 416. 
Fig. 2. Section in Gregory Bay at the eastern part of the Strait of Magellan. It exhibits con- 
torted beds of black mud, which gradually pass into yellow sandy mud: p. 422. 
Fig. 3. Section also in Gregory Bay. It displays singular contortions in the subordinate 
layers of one of the strata: p. 423. 


PLATES XLI. and XLII. 
Map and Sections to illustrate Mr.Austen’s memoir on the South-east of Devonshire: p.433—489. 


Puatr XLII. 


Fig. 1. Coast sections from Hope’s Nose to Petit Tor: p. 441, p. 449 et seq., likewise p. 461 
and p. 462 et seq., also p. 470 et seq. 

Fig. 2. Section from the granite south of Moreton Hampstead, to the high road between New- 
ton Bushel and Totness: p. 449 e¢ seq., also p. 457 et seg., and p. 462 et seq., also p. 471. 

Fig. 3. Section from West Ogwell to the greensand and tertiary beds east of Newton Quarry : 
p- 449 et seq. also p. 457 et seg., and p. 462 et seq., likewise p. 470 et seq. 

Fig. 4. Section, near Totness, of trap resting on limestone and slate: p. 472. 

Fig. 5. Coast-section near Dawlish, exhibiting the faults in the new red sandstone: pp.483, 486. 

Mig. 6. Section of the unconformable position of the carbonaceous deposits to the lower rocks 
near Chudleigh ; and of the intrusive trap: pp. 458, 460, 472. 
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Fig. 7. Road-section near Newton: p. 463. 

Fig. 8 A to 8 E. Sections to explain the relative positions of the carbonaceous shale and lime- 
stone between Oxencombe and Chudleigh Bridge: p. 461. 

Fig. 9. Section near Knowle, exhibiting contorted bands of limestone in slate: p. 488. 


WOODCUTS. 


Fig. 1. Represents the manner in which the exposed edges of the laminz of slate are separated 
and contorted: p. 437. 

Fig. 2. Sections of fluvio-marine and marine raised estuary deposits: p. 441. 

Fig. 3. Exhibits the raised beach at Hope’s Nose, resting on highly inclined strata of lime- 
stone: p. 441. 

Fig. 4. Section of recent marine deposits, presenting instances of oblique lamination: p. 442. 

Fig. 5. Section, near Dawlish, of regenerated new red sand overlying a recent marine deposit, 
the subjacent formation being the regular new red sandstone: p. 447. 

Fig. 6. Section of greensand resting unconformably on carbonaceous shales, near Combe Farm: 
p. 451. 

Figs. 7. and 8. Diagrams of joints and cleavage, which affect the new red sandstone in the 
south-east of Devonshire: pp. 455, 456. 

Figs. 9, 10, and 11. Sections exhibiting proofs of the unconformable position of the carbona- 
ceous deposits to the older rocks near Newton and Landue Mill: pp. 458, 459. 

Fig. 12. Section at Sharkham Point, showing the termination of the limestone and its position 
relative to the subjacent slates: p. 464. 

Fig. 13. Ground plan of a trap dyke intersecting slates near West Down: p. 471. 

Fig. 14. Section near Pulser of the junction of slate with a mass of intrusive trap: p. 473. 

Fig. 15. Section near Murcheton, exhibiting the intrusion of porphyritic granite among masses 
of previously consolidated granite: p. 477. 

Fig. 16. Section near Ogwell, showing the connexion of trap and slate, and the oblique lami- 
nation in the latter, apparently due to the action of the former: p. 479. 

Figs. 17, 19, and 20. Instances of cleavage in variously contorted strata: pp. 481, 482. 

Fig. 18. Section near Lew Trenchard, exhibiting a stratum of slate (a) with an oblique cleavage, 
interposed between strata of coarse sandstone (5) horizontally laminated: p. 481. 


WOODCUT. 


Map of the Peninsula Aden, to illustrate Mr. Burr’s account of the volcanic phenomena and 
rocks of the district: p. 499. 


WOODCUTS 


To illustrate Mr. Owen’s memoir on the teeth of the Labyrinthodon: p. 503—513. 

Fig. 1. Part of a transverse slice of the tooth of Labyrinthodon Jegeri, as seen by transmitted 
light ; magnified 10 diameters: p. 506. 

Fig. 2. Portion of a transverse slice of the tooth of a Labyrinthodon from the Warwick sand- 
stone: p. 511. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


PLATES XLIII. to XLVII. 


Illustrate Mr. Owen’s paper on parts of the skeleton and teeth of five species of Labyrintho- 
don: p. 515. 


Puate XLIII. 


Fig. 1. Portion of the upper jaw of Labyrinthodon leptognathus, seen from above: p. 516-521. 
Fiy. 2. The same, seen from below: p. 517-521. 

a, Large anterior tusk of the outer dental series: p. 517. 

b, Left vomerine bone, supporting the inner series of teeth: p. 519. 

c, Posterior palatal foramen: p. 520. 

d, Part of anterior dental foramen: p. 520, 521. 
Fig. 3. Side view of the same fossil: p. 516-521. 

a, Large anterior tusk of the outer dental series. 

b, Ditto ditto inner or vomerine series. 

c, Bony palate forming the floor of the nasal cavity. 

d, Roof of nasal cavity. 

e, The nasal cavity, filled with matrix. 
Fig. 4. Portion of left upper jaw of Labyrinthodon pachygnathus: p. 528. 
Fig. 5. A smaller fragment of the same. 
Fig. 6. Serial teeth of the Labyrinthodon pachygnathus. 
Figs. 7. and 8. Two views of a portion of the lower jaw of Labyrinthodon pachygnathus. 
Fig. 9. Portion of the upper jaw of Labyrinthodon pachygnathus: p. 529-530. 

a, Origin of the outer plate of the intermaxillary bone: p. 530. 

6, Outer palatal plate of the same bone: p. 530. 

c, Inner palatal plate, forming the anterior palatal foramen. 
Fig. 10. Side-view of the same fossil: p. 529-530. 

c, Anterior palatal foramen. 

d, Maxillary or upper wall of nasal cavity. 

e, Nasal cavity, filled with matrix: p. 530. 
Fig. 11. Anterior frontal: p. 530. 

The thickness of the anterior and posterior margins are shown in the appended figures. 

Fig. 12. Portion of an undetermined bone of Lebyrinthodon. 
Fig. 13. An undetermined bone of Labyrinthodon. 


Pirate XLIV. 


Fig. 1. Portion of the right ramus of the lower jaw of the Labyrinthodon pachygnathus : p.526. 
Fig. 2. Inside view of anterior end of the same fossil: p. 526. 
; a, Anterior and external suture between the angular and dentary pieces. 
6, Canal of the angular piece, supporting the dentary: p. 526. 
c, c, Dentary piece. 
d, Anterior prolongation of the angular piece. 
Fig. 3. Upper view of ditto: p. 526. 
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EXPLANATION OF THE PLATES AND WOODCUTS. 


4, 5 and 6. Fragments of jaw with teeth of the Labyrinthodon Jegeri, from the Warwick 
sandstone. 
7. Outside view of a portion of the upper jaw of the Labyrinthodon leptognathus (PI. 
XLII. figs. 1—3.). 

* Two 'teeth of the same jaw, magnified. 
8. Portion of left ramus of lower jaw of Labyrinthodon Anas p- 521-523. 

* Two teeth of the same, magnified. 
9. Upper view of the same bone. 


Pirate XLV. 


1—4. Different views of a portion of a vertebra of Labyrinthodon pachygnathus: p. 532. 
5—8. Different views of a fractured vertebra of Labyrinthodon leptognathus: p. 523-524. 
9 and 10. Two views of the episternal bone of a Labyrinthodon: p. 524. 

11—13. Three views of the proximal half of the humerus of Labyrinthodon pachygna- 
thus: p. 533. 
14. Proximal articulation of the same fossil: p. 533. 

15. Fractured end of the same fossil, showing the medullary cavity: p. 533. 

16. External view of the right iliac bone of the Labyrinthodon pachygnathus: p. 533. 

17. Internal view of the same bone: p. 533. 

18. Head of the femur of the same species of Labyrinthodon: p. 535. 

19. Coprolite from the same quarry. 


Puate XLVI. 


1. Group of bones of the Labyrinthodon (Anisopus) scutulatus: p. 538. 
h, Humerus: p. 539. 
Jf; Femora: p. 539. 
tt, Tibiz: p. 539. 
The fractured ends of the tibia and of a large (jaw ?) bone are given above the group. 
1'. Shows the opposite surface of the large bone. 
2. Upper view of a vertebra of the same fossil: p. 539. 
3. The same vertebra magnified, showing the expanded and sculptured summit of the 
spinous process. 
4, Side-view, and two ends of the same vertebra, natural size. 
5. A dermal scute, four times magnified, of the same fossil: p. 538. 
6. Group of cranial bones of the Labyrinthodon pachygnathus: p. 538. 
7. Side-view of the principal of the preceding bones. 


Puate XLVII. 


1. Outside view of a portion of the left ramus of the lower jaw of the Labyrinthodon 

Jegeri, from Guy’s Cliff: p. 537. 

1*. View of the alveoli of the same fossil: p. 537. 

2. Outside view of a portion of the left ramus of the lower jaw of the same species, 
from the same locality: p. 537. 

3. Inside view of the anterior end of the same fossil, showing the beginning of the 
groove for the dentary piece: p. 537. 


EXPLANATION OF THE PLATES AND WOODCUTS. 


PLATE XLVIII. 


Illustrates Mr. Strickland’s description of a series of coloured sections of the cuttings on the 
Birmingham and Gloucester railway: p. 545 e¢ seq. 

The sections given in this plate exhibit the more important geological phenomena ex- 
posed along the line of the railway. 

Fig. 1. Exhibits the cuttings from Stoke Prior through the summit-level of the Lickey ridge 
to Longbridge: p. 547. 

Fig. 2. In this section the cutting through the Lickey ridge is given on an uniform scale ; and 
the new red conglomerate is shown to rest unconformably on highly inclined strata of the 
lower new red sandstone: p. 547. 

Figs. 3 and 4. Exhibit cuttings through the junction beds of the lower lias and red marl: p. 
550, 551. 

Fig. 5. Shows the positions of the marine gravel with flints, and the ancient fluviatile deposits 
with reference to the configuration of the country.: p. 554. 


WOODCUTS 


Explanatory of Mr. Maclauchlan’s Notes on Pembrokeshire: pp. 557—560. 

Fig. 1. Section from Abereiddy Bay to Solfach Harbour, near St. David’s: p.558—560. This 
section is about fifteen miles to the west of No. 2. and nearly parallel to it. 

Fig. 2. Section from Llawhaden, near Canaston, to Dinas Head: p. 557—559. 


WOODCUT 


Exhibiting the phenomena exposed in the cutting at Bleadon Hill on the line of the Bristol 
and Exeter railway, and described in the communication of the Rev. David Williams : 
p. 561, 562. 


THREE DIAGRAMS 


Exhibiting the natural cleavage of quartz-rock (fig. 1.) and slate (figs. 2, 3.), noticed in the 
extract from the Rev. W. B. Clarke’s paper on the Cotentin: p. 565, 566. 


TWO WOODCUTS, 


Of veins of gravel in granite exposed on the north-west coast of Guernsey. The circumstances 
connected with these veins are described in the extract from a letter by W. C. Trevelyan, 
Esq.: p. 567. 
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